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BOAED  OF  GOVERNMENT. 


PRESIDENT. 

HENRY  F.  LIPPITT, Providence,  R.I. 

VICE-PRESIDENTS. 

WALTER  E.  PARKER, Lawrence,  Mass. 

ARNOLD  B.  SANFORD, Fall  River,  Mass. 

DIRECTORS. 

ROBERT  McARTHUR, BroDEPORD,  Me. 

O.  S.  BROWN, Salmon  Falls,  N.H. 

STEPHEN  N.  BOURNE, AUnchester,  N.H. 

S.  S.  SPENCER, Lancaster,  Penn. 

E.  W.  THOMAS, Lowell,  Mass. 

WILLIAM  H.  WHITIN, Whitinsville,  Mass. 

AUDITOR. 

J.  H.  SAWYER, Boston,  Mass. 

SECRETARY  AND  TREASURER. 

AMBROSE  EASTMAN, Boston,  Mass. 


% 


Office  of  the  Associatioii,  Room  68,  Sears  Building,  Boston. 


MEMBEES  OF  THE  ASSOCIATION^'. 


HONORARY  MBMBBRS. 

George  Arms, New  York  City. 

Benjamin  F.  Nocbse, Boston,  Mass. 

ACTIVE  MEMBERS. 

Stephen  I.  Abbott  .    .    Lock  wood  Co *.  Waterville,  Me. 

Albert  E.  Adams    .    .    No.  Pownal  Manuf  Co.     .  No.  Pownal,  Vt. 

Charles'T.  Aldrich     .    Baltic  Mills l*rovidcnce,  R.I. 

Henry  L.  Aldrich,  Jr. .    Baltic  Mills Providence,  R.I. 

William  Ames  .    .    .    Fletcher  Manuf.  Co.      .    .  Providence,  R.I. 

Edmmid  L.  Anthony  .    Border  City  Manuf.  Co.    .  Fall  River,  Mass. 

Edward  Atkinson Boston,  Mass. 

Edward  W.  Atkinson Boston,  Mass. 

Georg:e  Atkinson    .    .    Massachusetts  Mills .    .    .  Boston,  Mass. 

A.  T.  Atherton Lowell,  Mass. 

H.  C.  Atwood     .    .    .    Williamsville  Manuf.  Co. .  Killingly,  Conn. 

Edwin  H.  Baker    .    .    Otis  Co Ware,  Mass. 

William  P.  Bancroft Wilmington,  Del. 

A.  D.  Barker      .    .    .    Avon  Manuf.  Co Lewiston,  Me. 

Cyrus  I.  Barker     .    .    Avon  Manuf.  Co Lewiston,  Me. 

W.  A.  Barrel  1    .    .    .    Lawrence  Duck  Co. .     .     .  Lawrence,  Mass. 

Stockton  Bates  .     .    .    Bridesburg  Manuf.  Co.     .  Philadelphia,  Penn. 

F.  F.  Battles  .    .    .    .    Massachusetts  Cotton  Mills,  Lowell,  Mass. 

George  W.  Bean    .     .    Androscoggin  Mills .    .    .  Lewiston,  Me. 

Nathan  Benton  .     .    .    Fulton  Mill Lancaster,  Penn. 

John  Birkenhead Mansfield,  Mass. 

N.  B  Borden     .    .    .    Barnard  Manuf.  Co.      .     .  Fall  River,  Mass. 

Richard  B.  Borden     .    Troy  C.  and  W.  Manuf.  Co.  Fall  River,  Mass. 

Thomas  J.  Borden      .    American  Print  Works      .  Fall  River,  Mass. 

Thomas  S.  Borden      .    Metacomet  Mills  ....  Fall  River,  Mass. 

E.  S.  Boss Willimantic  Linen  Co.  .    .  Willimantic,  Conn. 

James  M.  Bourne  .    .    Lawrence  Bleachery     .    .  Lawrence,  Mass. 

Stephen  N.  Bourne    .    Stark  Mills Manchester,  N.H. 


Erastus  Boy  den     .    .    PreBcott  Mills Lowell,  Mass. 

B.  C.  Brainard  .    .    .    Washington  Manuf .  Co.    .  Gloucester  City,  J^J. 

Edward  A.  Brigham Boston,  Mass. 

O.  S.  Brown  ....    Salmon  Falls  Manuf.  Co.  .  Salmon  Falls,  N.H. 

£.  C.  Bucklin     .    .    .    Interlaken  Mills  ....  Providence,  R.I. 

Edward  N.  Burke Lowell,  Mass. 

William  D.  Cadwell  .    Jackson  Co Nashua,  N.H. 

George  Callaghan .    .    Angora  Mill Philadelphia,  Penn. 

Samuel  R.  Campbell .    New  York  Mills  ....  New  York  City. 

Byron  F.  Card  .    .    .    New  Bedford  Manuf.  Co. .  New  Bedford,  Mass. 

George  A.  Chace    .    .    Shove  Mills Fall  River,  Mass. 

Simeon  B.  Chase   .    .    King  Philip  Mills     .    .    .  Fall  River,  Mass. 

Thomas  C.  Chandler  .    Windham  Cotton  M'f  g  Co.  Willimantic,  Conn. 

George  A.  Clark    .    .    Manchester  Mills .    .    .    .  Manchester,  N.H. 

Jeremiah  Clark Lowell,  Mass. 

Alfred  Clarke Cleveland,  Ohio. 

F.  E.  Clarke  ....    Pemberton  Co Lawrence,  Mass. 

J.  G.  Cobum     .    .    .    Hill  Manuf.  Co Lewiston,  Me. 

Francis  Cogin Nashua,  N.H. 

John  A.  Collins .    .    .    Lippitt  Manuf.  Co.   .    .    .  Phoenix,  R.I. 

J.  Andrew  Comstock  .    Uncasville  Manuf  Co.  .    .  Uncasville,  Conn. 

A.  S.  Covel    ....    Tremont  and  Suffolk  Mills,  Boston,  Mass. 

A.  G.  Cumnock .    .    .    Boott  Cotton  Mills    .    .    .  Lowell,  Mass. 

John  Cunmock  .    .    .    Glasgow  Co So.  Hadley  Falls,  Mass. 

Andrew  J.  Currier     .    Albion  Mills Albion,  R.I. 

A.  Dahlgjen  ....    National  Manuf.  Co.     .    .  Nashville,  Tenn. 

A.  W.  Danf orth .    .    .    ShanghaiCotClothMillCo.  Shanghai,  China. 

John  W.  Danielson    .    Quinebaug  Co Providence,  R.I. 

E.  S.  Davis    ....    Continental  Mills     .    .    .  Lewiston,  Me. 

Henry  A.  Davis Lowell,  Mass. 

B.  D.  Davol  ....    Pocasset  Manuf.  Co.     .    .  Fall  River,  Mass. 
James  Dempsey    .    .    Lewiston  Bleachery .    .    .  Lewiston,  Me. 
William  P.  Dempsey .    Dempsey  Bleachery .    .    .  Pawtucket,  R.I. 

E.  P.  Dennis Lowell,  Mass. 

Charles  A.  Denny Leicester,  Mass. 

G^rge  Dexter  .    .    .    Pepperell  A  Laconia  Cos.  Boston,  Mass. 

liniliam  F.  Draper Hopedale,  Mass. 

Joseph  Dronsfield .    .    Fletcher  Manuf.  Co. .    .    .  Providence,  R.I. 

Dayid  H.  Dyer  .    •    .    Qneqnechan  Mills    ...»  Fall  River,  Mass. 

WOIiam  A.  Easdnan  .    Whitefield  Mills  ....  Newburyport,  Mass. 

IiMoEatai  •   • Nashua, Nil. 


Lawrence  V.  Elder    .    Maginnis  Cotton  Mills .    .  New  Orleans,  La. 

Frederick  W.  Ely  .    .    Tremont  and  Suffolk  Mills,  Lowell,  Mass. 

Herbert  R.  Famum    .    Bemon  Manuf .  Co.  .    .    .  Georgiaville,  R.L 

William  Firth Boston,  Mass. 

Charles  H.  Fish      .    .    Chicopee  Manuf.  Co.    .    .  Chicopee,  Mass. 

Herbert  Fisher Taunton,  Mass. 

M.  F.Foster Milford,  N.H. 

Philip  H.  Fowler   .    .    Gloucester  Gingham  Mills,  Gloucester,  N  J. 

Frank  H.  Fries Salem,  N.C. 

William  B.  Gambrill .    Druid  Co Baltimore,  Md. 

William  Ganmiell,  Jr.    Berkeley  Co Providence,  R.L 

A.  J.  Gardiner  .    .    .    Danielsonyille  Cotton  Co.  Danielsonville,  Conn. 

James  G.  Garland Biddeford,  Me. 

Richard  Garsed .    .    .    Wingohoeking  Mills     .    .  Philadelphia,  Penn. ' 

James  A.  Gary  .    .    .    Alberton  Cotton  Mills  .    .  Baltimore,  Md. 

Charles  J.  Goodwin   .    Indian  Orchard  Mills    .    .  Indian  Orchard,  Mass. 

Alfred  M.  Goodale     .    Boston  Muiuf .  Co.    .    .    .  Waltham,  Mass. 

David  Gowdey Providence,  R.L 

William  B.  Gray Boston,  Mass. 

Benjamin  Greene  .    .    Cabot  Manuf.  Co.     .    .    .  Brunswick,  Mo. 

Stephen  Greene     .    .    Whitefield  Mills  ....  Newburyport,  Mass. 

William  C.  Greene     .    Thomdike  Co Thomdike,  Mass. 

Frederick  Grimiell Providence,  R.L 

Z.  D.  Hall Lowell,  Mass. 

H.  P.  Hammett .    .    .    Piedmont  Manuf.  Co.    .    .  Greenville,  S.C. 

J.  F.  Hanson      .    .    .    Bibb  Manuf.  Co Macon,  Ga. 

C.  M.  Harris,  Jr.    .    .    Oakdale  Shirt  Manuf.  Co.  Oakdale,  Mass. 

Frank  Haskell  .    .    .    Westbrook  Manuf.  Co. .    .  Saccarappa,  Me. 

William  Hayes  .    .    .    Barker  Mill Auburn,  Me. 

Jefferson  Higgins  .    .    Laurel  Mills Laurel,  Md. 

John  H.  Higgins    .    .    Forestdale  Manuf.  Co.  .    .  Slatersville,  R.L 

J.  G.  Hill Lawrence  Manuf.  Co.  .    .  Lowell,  Mass. 

J.  P.  Hillard  ....    American  Linen  Co. .    .    .  Fall  River,  Mass. 

Charles  H.  Hobbs  .    .    Slatersville  Manuf.  Co.     .  Slatersville,  R.L 

John  Holland    .    .    .    Cocheco  Manuf.  Co. .    .    .  Dover,  N.H. 

Stephen  Holman Holyoke,  Mass. 

George  W.  Holt,  Jr.  .    Monohansett  Manuf.  Co.  .  Putnam,  Conn. 

William  Hooper    .    .    Atlantic  Cotton  Mills    .    .  Boston,  Mass. 

John  Hopkinson    .    .    Mississippi  Mills  ....  Wesson,  Miss. 

Elisha  H.  Howard .    .    Harris  Manuf.  Co.    .    .    .  Providence,  R.L 

Henry  S.  Howe Boston,  Mass. 
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David  L.  Jewell 
D.  W.  Johnson  . 
D.  J.  Johnston  . 
Russell  L.  Jones 

Royal  Kalloeh  . 
Roland  R.  Kelly 
Joseph  H.  Kendrick 
Hervey  Kent 
William  J.  Kent 
John  Kilbum 
H.  C.Kimball    . 
A.  F.  Knight 

Harold  Lawton 
Frederick  A.  Leigh 
Thomas  I.  Leiper 
J.  Ivers  Lewis  . 
Charles  W.  Lippitt 
Henry  Lippitt  . 
Henry  F.  Lippitt 
Robert  W.  Lord 
Charles  L.  Lovering  . 
Ernest  Lovering  .  . 
Henry  M.  Lovering  . 
William  C.  Lovering  . 
J.  8.  Ludlam  .  .  . 
Alvin  S.  Lyon    .     .    . 

W.  IL  Magee  .  .  . 
Charles  T.  Main  .  . 
Charles  H.  Manning  . 
Albert  G.  Martin  .  . 
Rufus  A.  Maxfield 
Thomas  Mayor  .  .  . 
Robert  McArthur  .  . 
W.E.  McCoy  .  .  . 
Wm.  IL  McDavitt .  . 
Charles  1).  McDuffie  . 
Fred.  C.  McDuffie  .  . 
John  Tempest  Meets . 
Frank  M.  Messenger  . 


China, Webs'r&Pemb'keM.    Suncook,  N.H. 
Monadnock  Mills ....    Claremont,  N.H. 


Harmony  Mills    .    . 
Ascutney  Mills     .    . 

Tennessee  Manuf.  Co. 
Wampanoag  Mills    . 


Exeter  Manuf.  Co.   . 
Grinnell  Manuf.  Co. 
Lawrence  Manuf.  Co. 
Blackstone  Manuf.  Co 
Bozrahville  Co.    .    . 


Lapham^s  Mill 


Irving  &  Leiper  MTg 
Uncasville  Manuf.  Co. 
Social  Manuf.  Co.     . 
Social  Manuf.  Co.     . 
Globe  Mill  .... 


Co. 


Whittenton  Manuf.  Co 
Lyman  Mills  .  .  . 
Whittenton  Manuf.  Co 
Whittenton  Manuf.  Co 
Merrimack  Manuf.  Co 
Lowell  Manuf.  Co.   . 

Berkeley  Mill  .  .  . 
Pacific  Mills  .  .  . 
Amoskeag  Manuf.  Co. 


Pepperell  &  Laconia 
Riverside  Mills  .  . 
Appleton  Co.  .  .  . 
Manclicster  Mills 
Everett  Mill  .  .  . 
Godfrey  S.  P.  Co.  . 
Grosvenor  Dale  Co. . 


Cos. 


James  H.  McMullan 


Cohoes,  N.Y. 
Windsor,  Vt. 

Nashville,  Tenn. 
Fall  River,  Mass. 
Providence,  R.  I. 
Exeter,  N  H. 
New  Bedford,  Mass. 
Lowell,  Mass. 
Blackstone,  Mass. 
Bozrahville,  Conn. 

Centreville,  R.I. 
Boston,  Mass. 
Chester,  Penn. 
New  London,  Conn. 
Providence,  R.I. 
Providence,  R.I. 
Providence,  R.I. 
Kennebunk,  Me. 
Taunton,  Mass. 
Ilolyoke,  Mass. 
Taunton,  Mass. 
Tamiton,  Mass. 
Ijowell,  Mass. 
Lowell,  Mass. 

Ashton,  R.I. 
Lawrence,  Mass. 
Manchester,  N.H. 
Petersburg,  Va. 
Lowell,  Mass. 
Providence,  R.  I. 
Biddeford,  Me. 
Augusta,  Ga. 
Lowell,  Mass. 
Manchester,  N.H. 
Lawrence,  Mass. 
Taunton,  Mass. 
North  Grosvenor  Dale, 

Conn. 
Biddeford,  Me. 


Timothy  Merrick  .    .    Merrick  Thread  Co.      .    .  Holyoke,  Mass. 

Oliver  H.  Moulton  Hamilton  Manuf.  Co.    .    .  Lowell,  Mass. 

J.  Tmner  Morehead Leaksville,  N.C. 

W.  H.  Mmiroe  .     .    .    Thistle  Mills Ilchester,  Md. 

Franklin  Nonrse    .    .    York  Mannf .  Co Saco,  Me. 

£.  H.  Nutting    .    .    .    Hooksett  Manuf.  Co.     .    .  Uooksett,  N.H. 

Warren  M.  Oswell     .    Shirley  Yam  Co.      .    .    .  Shirley,  Mass. 

John  C.  Palfrey     .    .    Manchester  Mills     .    .    .  Boston,  Mass. 

Francis  J.  Parker  .    .    Monadnock  Mills     .    .    .  Boston,  Mass. 

Walter  £.  Parker  .    .    Pacific  Mills Lawrence,  Mass. 

John  H.  Parks  .    .    .    NewBronsw^kCottonMills,  St.  John,  X.B. 

Theophilns  Parsons   .    Lyman  Mills Boston,  Mass. 

William  D.  Pennell    .    Lincoln  Mill Lewiston,  Me. 

Haven  C.  Periiam Lowell,  Mass. 

John  M.  Pevey Lowell,  Mass. 

Moses  Pierce     .    .    .    Norwich  Bleachery  .    .    .  Norwich,  Conn. 

H.  L.  Pratt    ....    Bates  Manuf.  Co.      .    .    .  Lewiston,  Me. 

Thomas  Pray,  Jr Boston,  Mass. 

J.  E.  Prest Whitinsville,  Mass. 

A.  M.  Pulsifer   .    .    .    Barker  Mill Auburn,  Me. 

J.  M.  Pusey  ....    Delaware  Mills    ....  Wilmington,  Del. 

M.  W.  Quinn      .    .    .    Hamilton  Woolen  Co.  .    .  Amesbury,  Mass. 

T.  G.  Ramsdell .     .    .    Monument  Mills  ....  Housatonic,  Mass. 

Robert  Bedford      .     .    Arlington  Mills    ....  Lawrence,  Mass. 

James  Renfrew,  Jr.   .    Renfrew  Manuf.  Co.     .    .  Adams,  Mass. 

Roscoe  C.  Reynolds Lew^iston,  Me. 

John  Rhodes Millbury,  Mass. 

F.  H.  Rice W.  Boylston,  Mass. 

Howard  Richmond     .    Crompton  Co Providence,  R.I. 

Charles  A.  Riley Boston,  Mass. 

A.  Robeson   ....    Fall  River  Print  Works    .  Brookline,  Mass. 

Louis  Robeson  .    .    .    Appleton  Co Boston,  Mass. 

William  F.  Salmon    .    Lowell  Hosiery  Co.  .    .    .  Lowell,  Mass. 

H.  Saltonstall    .    .    .    Pacific  Mills Boston,  Mass. 

Wm.  G.  Saltonstall    .    York  Manuf.  Co Boston,  Mass. 

Fugene  H.  Sampson  .    Everett  Mills Boston,  Mass. 

Arnold  B.  Sanford      .    Globe  Yam  Mill  ....  Fall  River,  Mass. 

J.  H.  Sawyer     .    .    .    Newmarket  Manuf.  Co.    .  Boston,  Mass. 
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John  Scott    .    .    . 
John  C.  Sharp,  Jr. 
E.  M.  Shaw   .    .    . 
Thomas  S.  Shaw   . 
Thomas  C.  Sheldon 
George  £.  Sherman 
Waiiam  F.  Sherman 
Charles  M.  Shove 
Francis  H.  Silsbee 
James  B.  Siner  . 
Arva  C.  Slater  . 
Robert  R.  Smith 
S.  S.  Spencer     . 

B.  T.  Stephenson 
Wilbur  A.  Stiles 
Joseph  Stone     . 
Herman  F.  Straw 
Henry  D.  Sulliyan 
James  O.  Sweet 

Edward  P.  Taf t 
George  P.  Taylor 
Richai*d  Thackeray 
E.  A.  Thissell    . 
Charles  E.  Thomas 
Edwin  R.  Thomas 
E.W.Thomas  . 
D.  M.  Thompson 
Osmon  B.  Tilton 
William  E.  Trainer    . 

C.  H.  Truesdell      .    . 
Edmmid  E.  Truesdell, 


Willimantic  Linen  Co. 
Canoe  River  Mills 
Nashua  Manuf.  Co. 
Suffolk  Mills    .    . 
Sawyer  Mill     .    . 
Valley  Falls  Co.  . 
Atlantic  Cotton  Mills 
Granite  Mills  .    . 
Pacific  Mills     .    . 


Linwood  Mills 
Greenwoods  Co.  . 
Conestoga  Steam  Mills 
Waltham  Bleachery 


85  Milk  St 

Amoskeag  Manuf.  Co. 
Naumkeag  S.  Cotton  Co 
Ashland  Cotton  Co.  . 


Ponemah  Mills  . 
Lancaster  Mills  . 
Weetamoe  Mills  . 


Clinton  Manuf.  Co. 
Clinton  Manuf.  Co. 
Tremont  and  Suffolk  Mills, 
Mills  of  R.  B.  &  R.  Knight, 

Jackson  Co 

Linwood  Mills 


•         •         • 


China,Webs'r&Pemb'keM. 


Willimantic,  Conn. 
Taunton,  Mass. 
Nashua,  N.H. 
Lowell,  Mass. 
Boylston,  Mass. 
Valley  Falls,  R.I. 
Lawrence,  Mass. 
Fall  River,  Mass. 
Lawrence,  Mass. 
Maiden,  Mass. 
Whitinsville,  Mass. 
New  Hartford,  Conn. 
Lancaster,  Penn. 
Waltham,  Mass. 
Newburyport,  Mass. 
Boston,  Mass. 
Manchester,  N.H. 
Salem,  Mass. 
Jewett  City,  Conn. 

Providence,  R.I. 
Clinton,  Mass. 
Fall  River,  Mass. 
Lowell,  Mass. 
Woonsocket,  R.I. 
Woonsocket,  R.I. 
Lowell,  Mass. 
Providence,  R.I. 
Nashua,  N.H. 
Linwood  Sta.,  Penn. 
Central  Village,  Conn. 
Suncook,  N.H. 


James  Waring  .    .     .    Narragansett  Mills  .    .    .  Fall  River,  Mass. 

John  Waterman     .    .    Warren  Manuf.  Co.  .     .    .  Warren,  R.I. 

J.  W.  Wattles Canton,  Mass. 

T.B.Watties Suncook,  N.H. 

George  W.  Weeks      .    Lancaster  Mills    ....  Clinton,  Mass. 

Henry  F.  West.    .    .    Washington  Manuf.  Co.    .  Gloucester,  N.  J. 

Channing  Whitaker Lowell,  Mass. 

A.  Tenny  White Biddeford,  Me. 

W.  J.  Whitehead   .    .    V.HudonCotton  Manuf  .Co.  Hochelaga,  P.Q. 

Charles  E.  Whitin .    .    Whitin  Manuf.  Co.   .    .    .  WTiitinsville,  Mass. 

Harry  T.  Whitin    .    .    Rockdale  Mill Northbridge,  Mass. 
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William  H.  Whitin     .  Whitin  Manuf .  Co.   .    .    .  \Miitin8ville,  Mass. 

A.  N.  Whiting   .    .     .    Whiting  Mills Oakdale,  Mass. 

William  S.  Whitney  .  Pocasset  Manuf.  Co.     .    .  Fall  River,  Mass. 

Theop.  W.  Wilmarth,  Rockdale  Mills     ....  Northbridge,  Mass. 

Thomas  Wilmarth  Saunders'  Cotton  Mills     .  Saundersville,  Mass. 

George  Wood    .    .    .  Millville  Manuf.  Co.     .    .  Philadelphia,  Penn. 

William  B.  W^ood  .    .  Continental  Mills     .    .    .  Boston,  Mass. 

C.  J.  H.  Woodbury Boston,  Mass. 

Daniel  W'right  .    .    .    Moss  Manuf.  Co Westerly,  R.I. 

Total  number  of  Honorary  Members 2 

Total  number  of  Active  Members 239 


CALL  FOR  MEETmG. 


Boston,  April  7,  1888. 

Deab  Sm,  —  The  stated  Annual  Meeting  of  the  Association  will  be  held 
at  the  Massachusetts  Institute  of  Technology,  Boylston  Street,  Boston,  on 
Wednesday,  April  26,  at  10  o'clock  A.M.,  for  the  choice  of  officers  for  the 
ensuing  year,  and  the  transaction  of  any  other  business  which  may  properly 
come  before  it  v 

After  the  business  of  the  meeting  is  concluded,  Mr.  William  F.  Draper 
wiU  give  a  Record  of  Tests  op  Power  op  High-Speed  Spindles  with 
Oils  of  Different  Gravtit. 

Mr.  Benjamin  A.  Dobson  of  Bolton,  England,  will  present  a  paper  upon 
Principles  of  Carding  Cotton,  Card  Wire  and  Carding  Engines. 

Mr.  George  Ashworth  of  Manchester,  England,  will  speak  upon  Card 
Clothing,  and  Further  Developments  of  the  Ashworth  Card. 

Mr.  James  R.  Maxwell  of  Tuscaloosa,  Ala.,  will  explain  a  New  System 
OF  Packing  Cotton  in  Small  Bales  for  Shipment  to  Spinners. 

The  three  first-named  papers  will  be  printed  in  advance  of  the  meeting, 
and  a  copy  of  either  supplied  to  any  member  who  applies  for  it  to  the 
Secretary. 

By  vote  of  the  Board  of  Government, 

AMBROSE  EASTMAN, 

Secretary. 


PROCEEDINGS. 


Pursuant  to  the  foregoing  notice  the  stated  annual  meeting  of 
the  New  England  Cotton  Manufacturers'  Association  was  held 
at  the  Massachusetts  Institute  of  Technology  on  Wednesday, 
April  25,  1888.  The  meeting  was  called  to  order  by  Presi- 
dent LuDLAM,  and  the  call  for  the  meeting  was  read. 

The  PBEsrDENT.  The  Association  has  completed  its  twenty- 
third  year.  The  first  thing  in  order  is  the  election  of  officers 
for  the  coming  year.  It  is  usual  to  appoint  a  nominating  com- 
mittee. 

It  was  voted  that  the  President  appoint  the  committee, 
and  he  appointed  Messrs.  Chabx.es  D.  MgDuffie,  Robert 
MoArthub,  William  C.  Lovering,  Hervey  Ejsnt  and 
George  W.  Weeks. 

The  President.  I  regret  to  announce  to  the  Association 
that  our  Secretary,  Mr.  Eastman,  is  unable  to  attend  in  conse- 
quence of  a  sprained  ankle.  I  will  ask  you  to  nominate  a  sec- 
retary to  act  in  Mr.  Eastman's  absence. 

Mr.  James  R.  Powers  was  chosen  secretary  ^ro  tem. 

The  President.  Mr.  Powers  will  now  read  the  reports  of 
the  Secretary,  Treasurer  and  Auditor. 

The  reports  were  read,  and,  upon  motion,  were  severally  ac- 
cepted and  ordered  to  be  placed  on  file. 

The  President.  The  names  of  the  following  gentlemen 
have  been  presented  to  the  Board  of  Government  for  member- 
ship in  the  Association,  and  have  been  acted  upon  favorably  by 
the  Board.     They  are  now  presented  to  you  for  confirmation. 
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Messrs.  Byron  F.  Card, 

Aloxzo  a.  Coburn, 
Andrew  J,  Currier, 
Woodbury  K.  Dana, 
Henry  A.  Davis,    . 
E.  P.  Dennis, 
Charles  A.  Denny, 
Frederick  W.  Ely, 
William  Firth, 
William  B.  Gray, 
Ernest  Loverino,  . 
Charles  E.  Plummer, 
Charles  E.  Riley, 
LoLHs  Robeson, 
William  E.  Winsor, 


New  Bedford,  Mass. 
Ix)well,  Mass. 
Albion,  R.  I. 
Saecarappa,  Me. 
Lowell,  Mass. 
Lowell,  Mass. 
Leicester,  Mass. 
Lowell,  Mass. 
Boston,  Mass. 
Boston,  Mass. 
Holyoke,  Mass. 
Great  Falls,  N.  H. 
Boston,  Mass. 
Boston,  Mass. 
Manchester,  N.  H. 


By  vote  of  the  Association  the  above-named  gentlemen  were 
duly  elected  members. 

The  President.  The  first  number  on  our  programme  seems 
to  be  the  reading  of  a  paper  by  Mr.  William  F.  Draper,  on 
the  **Reooed  of  Tests  of  High-Speed  Spindles  with  Oils 
OF  Different  Gravity." 


Mr.  Draper.  Mr.  Chairman  and  gentlemen,  before  pro- 
ceeding with  the  reading  of  the  paper  announced  by  your  Board 
of  Government,  I  wish  to  explain  briefly  the  occasion  for  mak- 
ing these  tests  and  the  advantages  to  be  derived  from  them  if 
they  are  sustained  by  continuous  practical  experience,  as  I  have 
no  doubt  they  will  be.  My  attention  was  first  called  to  this 
matter  of  light  oils  for  spindle-bearings  by  Mr.  William  E. 
Winsor,  the  agent  at  that  time  of  the  Amory  Mills  at  Man- 
chester, N.  H.  He  had  been  making  tests  on  rapid  spindles 
with  oils  of  diflTerent  gravity,  and  reported  to  me  very  favorable 
results.  The  matter  seemed  to  me  important,  and,  being  inter- 
ested in  the  introduction  of  rapidly  running  spindles,  I  deter- 
mined to  make  a  series  of  tests  for  myself,  to  ascertain,  in  the 
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first  place,  if  my  results  agreed  with  his,  and,  in  the  second 
place,  to  see  if  the  same  results  followed  with  the  difierent  va- 
rieties of  spindles.  The  Rabbeth  spindle,  as  you  know,  has  its 
bolster  surrounded  by  a  fibrous  packing,  in  which  it  is  peculiar 
and  different  from  all  other  spindles  that  are  run.  I,  therefore, 
made  our  tests  with  the  Whitin  spindle,  which  is  a  variety  of 
the  Rabbeth  having  no  packing,  and  the  results  were  similar  and 
very  satisfactory.  The  results  of  these  experiments  showed  an 
average  saving  in  power,  by  the  use  of  lighter  oils,  of  about  fif- 
teen per  cent.  I  believe  it  is  a  usual  estimate  to  call  the  cost 
of  a  horse-power  forty  dollars  a  year,  including  interest  and  de- 
preciation of  the  plant.  The  results  of  a  long  series  of  experi- 
ments on  spindles  have  shown  that  at  a  speed  of  nine  thousand 
revolutions  per  minute  not  more  than  eighty  spindles  can  be 
expected  to  be  run  by  one  horse-power  on  a  medium  number 
of  yarns.  That  would  make,  using  these  figures,  forty  dollars 
a  year  for  a  horse-power  and  eighty  spindles  to  a  horse-power, 
a  cost  of  fifty  cents  per  spindle  per  annum  for  power.  Fifteen 
per  cent,  of  this  saved  is  seven  and  one-half  cents  per  spindle 
per  annum.  I  was  informed  by  the  manager  of  the  Nourse 
Mills  that  the  whole  cost  of  oil  for  his  spinning  room,  including 
the  oil  used  in  oiling  the  spindles  and  the  rolls  and  all  the 
parts,  was  thirty-five  hundredths  of  a  cent  per  spindle  per 
annum.  Lighter  oil  costs  more  than  the  heavier  oil,  and,  mak- 
ing due  allowance  for  this,  it  is,  perh-ips,  reasonable  to  call  it  a 
cent  per  spindle  per  annum,  if  the  oil  used  in  the  Nourse  Mills 
is  a  criterion.  On  this  basis,  if  my  figures  are  correct,  the  sav- 
ing ot  power  made  by  the  use  of  the  lighter  oils  is  seven  times 
the  entire  cost  of  the  oil  used  in  the  Spinning  room,  wfiich  seems 
to  me  a  very  important  matter. 

Besides  this,  I  understand  that  the  same  advantages  can  be 
arrived  at  on  mules  and  on  fly-frame  spindles,  and  on  various 
other  bearings  in  the  mill  where  there  is  not  great  pressure, 
and  where  the  parts  oiled  are  in  rapid  revolution.  If  this  dis- 
covery of  Mr.  Winsor  were  patentable,  and  were  all  it  appears 
to  be  in  results,  I  would  undei'take  to  introduce  it  among  you 
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gentlemen  within  a  reasonably  short  time,  and  to  collect  such 
a  royalty  on  it  that  Mr.  Winsor  would  receive  a  handsome 
income,  and  I  would  feel  reasonably  well  paid  for  my  trouble. 
As  it  is  not  patentable,  but  open  to  public  use,  I  do  not  ex- 
pect it  will  be  so  rapidly  introduced.  [Laughter.]  You  may 
laugh,  gentlemen,  but  where  one  man  has  a  special  personal 
pecuniary  interest  in  introducing  an  improvement,  it  is  intro- 
duced more  rapidly  than  it  is  where  it  is  open  to  the  public, 
and  people  take  it  up  or  not  as  they  fancy.  This  matter, 
however,  is  so  important  that  it  seems  to  me  it  is  worthy  the 
making  of  tests  by  each  of  you,  and  if  you  discover  the 
advantages  which  I  think  you  will,  I  feel  confident  that  the 
manufacturing  industry  of  the  United  States  will  derive  a 
benefit  equal  to  the  figures  I  have  stated. 
The  paper  is  as  follows  :  — 
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Report  or  Tests  of  Whittn  Gravtit  Sph^dles  made  to 

DETERMINE  THE  DITFERENCE  IN  PoWER  REQUIRED  TO 
DRIVE  THEM  WITH  DIFFERENT  LUBRICATING  OH-S.  SaID 
TE8T8  were   MADE    AT   THE    NoURSE   MiLL,  WOONSOCKET, 

K.  I.,  BY  Mr.  W.  N.  Goddard,  commencing  Jan.  10, 
1888 ;  Mr.  George  O.  Draper  and  Mr.  F.  W.  Stimp- 
bon  present  and  assisting. 

These  tests  form  a  part  of  a  series  of  tests  of  different  spin- 
dles at  the  same  place.  The  Whitin  spindle  was  selected,  not 
because  other  spindles  tested  did  not  show  favorable  results, 
but  l>ecause  a  complete  series  of  tests  was  made  with  this  spin- 
dle, and  there  has  not  been  time  to  finish  a  similar  series  with 
either  the  Rabbeth  or  the  Sherman. 

The  dynamometer  used  was  built  by  Messrs.  Fales  &  Jenks, 
and  is  the  same  that  has  been  previously  used  by  George 
Draper  &  Sons  in  testing  spindles.  Common  sperm  oil  was 
used  to  lubricate  the  dynamometer.  The  thermometers  and 
hydrometers  used  were  made  by  Huddleston. 

The  temperature  registered  by  a  thermometer  hung  on  the 
creel  at  the  centre  of  the  frame  varied  from  75°  to  85°,  and 
the  relative  humidity  from  27°  to  34°,  during  the  actual  time  of 
making  the  tests.  The  gravity  of  the  different  oils  was  deter- 
mined at  the  temperature  of  the  oil  in  the  tank  in  the  spinning 
room,  74°. 

The  general  method  of  testing  was  to  test  first  with  the  bob- 
bins a])out  seven-eighths  full,  doflSng  when  full,  and  then  testing 
with  the  empty  bobbin  spinning ;  the  mean  of  these  two  giving 
the  number  of  spindles  to  one  horse  power  while  spinning. 
Then  a  test  was  made  with  the  cylinder  and  spindles,  only,  run- 
ning ;  which  gave  the  number  of  bare  spindles  to  one  horse 
power. 
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When  the  tests  of  one  kind  of  oil  were  completed,  the  top 
rolls  were  taken  out  and  wiped ;  the  oil  removed  from  spindle 
bases  with  a  syringe,  and  the  base  wiped  out ;  the  bolsters 
were  cleaned  in  a  steam  jet,  and  the  spindles  wiped. 

The  usual  times  of  making  the  tests  were  from  ten  to  twelve 
o'clock  in  the  forenoon,  and  from  three  to  five  o'clock  in  the 
afternoon. 

The  frame  was  one  of 'sixty  like  it  in  the  same  room,  which 
had  been  running  since  the  mill  was  started,  about  three  or  four 
years  since.  It  was  made  by  the  Whitin  Machine  Works,  and 
contained  192  new  Whitin  spindles  of  the  most  recent  pattern. 
The  description  of  the  frame  in  detail  is  as  follows  :  — 

Seven-inch  cylinder,  geared  end,  single  boss  top-rolls,  double 
iron  saddles,  2|-inch  gauge,  l|-inch  double  ring,  5^-inch 
traverse,  no  separators.  It  was  spinning  No.  40s.  yam  from 
double  roving. 

The  driving  belt  was  IJ  inches  wide,  and  the  frame  pulleys 
were  lOJ  inches  diameter  for  the  low  speed,  and  l>j|  inches 
diameter  for  the  high  speed.  The  average  number  of  revolu- 
tions per  minute  at  the  high  speed  were  for  the  cylinder,  1,149  ; 
spindles,  9,491 ;  front  rolls,  103.8.  At  the  low  speed,  cylin- 
der, 1,039  ;•  spindlea,  8,589,  and  front  rolls,  93.8. 

The  spindles  were  carefully  set  concentric  with  the  rings  at 
the  top  and  bottom  of  the  traverse.  Band  tension  averaged 
1^  pounds. 

The  oil  in  use  in  the  room  at  the  time  was  said  to  be  '*  B" 
spindle  oil  from  Seccomb,  Kehew  &  Sons,  costing  thirteen  cents 
a  gallon,  and  of  the  gravity  of  27.3.  The  first  tests  were  made 
with  this  oil,  and  after  the  other  oils  had  been  tested  this  was 
tested  a  second  time,  with  practically  the  same  results  as  were 
obtained  at  the  first  test. 

The  spindles  were  first  tested  at  the  high  speed ;  namely, 
9,491  revolutions  per  minute.  With  the^'B"  oil  five  tests 
were  made.     The  average  of  these  tests  gave  these  results  :  — 

Spinning, 99.88  spindles  to  one  horse  power. 

Cylinder  and  spindles  only,       .        .      142.30  spindles  to  one  horse  power. 
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All  the  other  oils  were  purchased  from  Frank  L.  Young,  32 
Oliver  Street,  Boston,  the  next  oil  used  being  the  Meriam  & 
Morgan  paraffine  oil,  gravity  26.3,  cost  fifteen  cents  per  gallon. 
Three  tests  were  made,  averaging  as  follows  : 

Spinning, 100.12  spindles  to  one  horse  power. 

Cylinder  and  spindles  only,  145.17  spindles  to  one  horse  power. 

Substantially  the  same  result  as  wi^i  the  other  oil. 

The  next  oil,  known  as  **  Climax,"  was  of  34.4  gravity,  and 
cost  twenty-eight  cents  per  gallon.  The  average  result  of  two 
tests  was  as  follows  : 

Spinning, 102.80  spindles  to  one  horse  power. 

Cylinder  and  spindles  only,  148.68  spindles  to  one  horse  power. 

The  next  oil  in  gravity  was  a  mixed  oil,  known  as  *'  Ultra- 
Sperm,"  the  gravity  being  36.2,  and  cost  forty  cents  per 
gallon.     The  average  of  two  tests  showed  : 

Spinning, .111.6    spindles  to  one  horse  power. 

Cylinder  and  spindles  only,       .        .      169.23  spindles  to  one  horse  power. 

The  next  oil,  called  **  Acme,"  was  of  38.2  gravity,  and  cost 
twenty-four  cents  per  gallon.     The  average  of  two  tests  gave  : 

Spinning, 112.64  spindles  to  one  horse  power. 

Cylinder  and  spindles  only,       .  175.43  spindles  to  one  horse  power. 

The  same  oils  were  tested  with  the  spindles  at  the  lower 
speed ;  namely,  8,589  revolutions  per  minute.  The  results 
were  as  follows : 

**  B  "  oil,  average  of  three  tests  : 

Spinning, 114.88  spindles  to  one  horse  power. 

Cylinder  and  spindles  only,  .      158.50  spindles  to  one  horse  power. 

Paraffine,  average  of  three  tests  : 

Spinning, 111.80  spindles  to  one  horse  power. 

Cylinder  and  spindles  only,       .        .      151.64  spindles  to  one  horse  power. 
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Climax,  average  of  two  tests  : 

Spinning, 

Cylinder  and  spindles  only, 


117.2   spindles  to  one  horse  power. 
160.91  spindles  to  one  horse  power. 


Ultra-Sperm,  average  of  two  tests  : 

Spinning, 130.84  spindles  to  one  horse  power. 

Cylinder  and  spindles  only,  190.65  spindles  to  one  horse  power. 


Acme,  average  of  two  tests : 

Spinning, 

Cylinder  and  spindles  only. 


130.86  spindles  to  one  horse  power. 
198.36  spindles  to  one  horse  power. 


SUMMARY. 
Revolutions  per  Minute  of  Spindle,  9,491. 


OIL. 


Or»Titj. 


Spindles  to  One 

Hone  Power. 

Spinning. 


Spindlei  to  One 
Hone  Pow«r. 
KoIU  Stopped. 


«B,« 


Paraffine, 
Climax, 


Ultra-Sperm, 
Acme, 


27.3 
26.3 
34.4 
36.2 
38.2 


99.88 
100.12 
102.80 
111.06 
112.64 


142.30 
145.17 
148.68 
169.23 
175.43 


Revolutions  per  Minute  of  Spindle,  8,589. 


"B,' 


Paraffine, 
Climax, 


Ultra-Sperm, 
Acme, 


114.88 
111.80 
117.02 
130.84 
130.86 


158.50 
151.64 
160.91 
190.66 
198.36 
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From  these  summaries  it  is  plain  that  the  oils  of  lighter 
gravity  enable  the  spindles  to  run  with  materially  less  power. 
The  value  of  an  oil  as  a  lubricator  is  not  always  necessarily 
indicated  by  the  gravity ;  as  the  so-called  ultra-sperm  oil  was 
considered  by  the  experts  to  be  a  more  valuable  oil  than  the  one 
of  lighter  gravity,  from  the  fact  that  it  had  greater  viscosity, 
and  greater  durability,  when  used  in  oiling  the  rolls.  This 
would  also  indicate  gi-eater  durability  in  lubricating  the  spindles. 

There  is  no  question  but  that  these  results  are  exceedingly 
important  to  cotton  spinners.  The  tests  exceed  in  lightness 
anything  ever  made  before  to  our  knowledge  with  any  spin- 
dles. Of  course  the  frame  was  in  good  condition,  the  ring 
small,  and  the  number  of  yam  comparatively  fine.  Judging 
from  former  tests,  the  difference  in  power  between  No.  28 
print-cloth  yam  with  l|-inch  ring,  and  the  yam  spun  at  the 
Nourse  mill  with  l|-inch  ring,  would  not  be  far  from  fifteen 
per  cent.  Making  this  allowance,  these  spindles  can  be  run 
on  print-cloth  yams  at  a  speed  of  9,500  turns  per  minute 
with  the  lighter  oils  named,  at  about  95  spindles  to  the  horse 
power ;  and  on  coarser  yarns  the  same  proportional  advantage 
can  be  gained. 

It  seems  to  me  that  this  is  a  matter  of  the  greatest 
importance  for  consideration  ;  and  that,  by  the  universal  adop- 
tion of  lighter  oils  in  spinning,  a  saving  amounting  to  hun- 
dreds of  thousands  of  dollars  per  year  can  be  made  in  the  cost 
of  power  required  to  drive  the  spindles  of  the  cotton  mills  of 
this  country. 

If  any  of  you  gentlemen  would  like  to  ask  me  any  questions 
in  regard  to  the  detail  of  these  tests,  I  think  I  can  answer  them. 

Mr.  Henry  F.  Lippitt.  I  should  like  to  ask  the  gentleman 
if  he  can  give  us  any  data,  or  if  he  has  any  data,  as  to  what  the 
result  would  be  with  the  other  common  forms  of  spindle,  say 
the  Sherman  or  the  Rabbeth. 

Mr.  Draper.  These  tests  were  made  on  the  Whitin  spin- 
dles.    We  have  made  tests  and  are  to  make  them  with  both 
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the  Rabbeth  and  the  Sherman  spindles.  With  the  Rabbeth 
spindle  we  attained  results  somewhat  lighter  even  than  these. 
The  question  of  power  between  the  various  kinds  of  spindles 
was  something  I  did  not  intend  to  go  into,  but  I  can  say  briefly 
that  there  is  no  magic  in  the  matter.  With  any  spindle  where 
its  bearings  are  arranged  so  as  to  prevent  gyration,  with  an 
equal  band  pull,  and  the  same  oil,  and  the  same  fit  of  the  spin- 
dle and  its  bearings,  the  question  of  power  depends  upon  the 
diameter  of  its  bearings.  The  Rabbeth  ^spindle  has  bearings 
of  a  somewhat  smaller  diameter,  and  we  expected  it,  and  it 
has  proved  in  practice,  to  show  a  power  about  in  proportion  to 
the  diameter  of  its  bolster  bearing.  In  this  case  the  diameter 
of  the  bolster  bearing  is  eight  per  cent,  less  than  the  Whitin, 
and  the  advantage  we  discovered  in  power  with  one  of  these 
oils  was  about  eight  per  cent.  We  have  not  gone  through 
with  all  the  oils,  so  I  cannot  state  that  it  would  be  verified  all 
the  way  through. 

There  was  another  matter,  if  I  am  not  trespassing  upon  your 
time,  of  some  interest  that  I  will  mention,  although  it  is  not 
directly  connected  with  running  the  spindles,  and  that  is  with 
regard  to  the  fit  of  the  spindles  in  their  bearings.  We  put  in 
two  sets  of  spindles  substantially  alike,  with  the  same  band 
pull,  and  tested  them  to  see  if  different  sets  of  spindles  would 
require  the  same  power.  To  our  surprise  we  found  a  differ- 
ence of  some  thirteen  or  fourteen  per  cent,  between  one  set 
of  spindles  and  the  other.  We  looked  them  over  carefully  to 
find  what  the  difficulty  was.  The  frame  was  exactly  the  same, 
the  bands  were  the  same,  the  spindles  were  put  inside  the 
same  bands,  the  oil  was  the  same,  but  we  discovered  by  accu- 
rate measurement  that  there  was  a  difference  in  average  fit  of 
the  spindles  in  their  bearings.  The  one  that  had  the  larger 
bearing  required  the  less  power.  We  then  very  carefully 
rimmed  out  the  bearings  of  the  second  set  of  spindles,  so  as  to 
bring  the  fit  to  the  same  average  right  through,  and  the  differ- 
ence in  power  was  eliminated,  showing  that  there  is  a  differ- 
ence between  a  reasonably  tightly  fitting  spindle  and  what  is 
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considered  a  loose  fit  for  a  spindle ,  at  least  in  that  case,  of 
some  thirteen  or  fourteen  per  cent,  in  power.  Of  coarse,  it 
may  not  be  desirable  for  you  to  buy  spindles  with  two  or  three 
years'  wear  out  of  them,  but  I  have  no  doubt,  if  it  has  not 
gone  to  a  point  where  the  spindles  vibi'ate,  you  will  derive  the 
advantage  in  power  of  which  I  speak. 

Mr.  LiPPiTT.  I  will  ask  the  gentleman  if  these  light  oils 
were  pure  mineral  oils  or  a  mixture. 

Mr.  Draper.  As  I  understand  it,  they  were  all  pure  min- 
eral oils,  with  the  exception  of  this  oil  which  was  marked 
**  Ultra-Sperm."  I  will  say  further  with  regard  to  this,  that 
while  these  oils  were  obtained  from  one  dealer,  I  have  no 
doubt  similar  results  can  be  obtained  with  oils  of  the  same 
gravity.  I  consider  that  the  difference  of  gravity  in  the  oil  is 
what  affects  the  result.  Mr.  Woodbury  tells  me  that  the  *'B'' 
oil  which  was  used  was  a  mixed  oil,  and  not  an  entirely  min- 
eral oil. 

Mr.  Woodbury.  I  would  like  to  ask  the  speaker  if  he  rec- 
ommends the  use  of  as  light  oils  as  thirty-eight  gravity  on  the 
rolls. 

Mr.  Draper.  My  idea  of  it  is  that  it  would  be  better  to  use 
an  oil  of  heavier  gravity  on  the  rolls  than  on  the  spindles,  but, 
as  I  was  informed  in  the  mill,  it  was  considered  more  desirable 
to  oil  the  rolls  with  the  same  oil  as  the  spindles,  for  practical 
reasons.  They  desire  to  have  only  one  kind  of  oil  in  the  room. 
I  think  the  rolls  require  an  oil  of  greater  viscosity  than  the 
spindles. 

A  Member.  Will  the  gentleman  please  tell  us  how  often  he 
would  have  to  oil  his  spindles  with  a  thirty-eight  gravity  oil 
compared  with  the  twenty-seven  '«  B"  oil? 

Mr.  Draper.  That  is  a  question  I  am  unable  to  reply  to, 
as  these  oils  were  tested  for  only  a  short  time,  and  then  pumped 
out  and  the  bases  cleaned.  That  is  a  matter  which  can  be  as- 
certained by  further  experiments.  I  think  Mr.  Goddard,  who 
made  the  tests,  is  present,  and  perhaps  he  can  tell  how  long  any 
of  the  oils  run. 
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Mr.  GoDDARD.  The  exact  time  the  spindles  run  was  com- 
paratively short,  not  oyer  a  week. 

Mr.  Draper.  There  was  no  difficulty  in  running  that  length 
of  time  with  any  of  the  oils  ? 

Mr.  GoDDARD.     Not  at  all. 

A  Member.  Why  would  you  recommend  one  oil  for  the 
rolls  and  another  for  the  spindles  ? 

Mr.  Draper.  My  idea  is  this,  that  in  the  spindles  the  oils 
cannot  escape,  while  on  the  rolls  a  lighter  oil  can  run  off  and 
escape ;  and,  as  I  understand  it,  it  has  been  customary  in  many 
places  to  use  a  heavier  oil  on  the  rolls  and  a  lighter  oil  on  the 
spindles. 

Mr.  McArthur.  I  would  like  to  ask  Mr.  Draper  how  he 
treated  the  Rabbeth  spindles. 

Mr.  Draper.     Mr.  Goddard  will  explain  what  was  done. 

Mr.  Goddard.  "The  oil  was  removed  from  the  spindle 
bases  with  a  syringe, ** — perhaps  I  cannot  state  it  better  than  to 
read  from  the  paper,  —  '*  and  the  base  wiped  out,"  with  ordinary 
cotton  waste;  "the  bolsters  were  cleaned  in  a  steam  jet  and 
the  spindles  wiped." 

Mr.  Draper.  Such  oil  as  remained  in  the  packing  still 
remained  ? 

Mr.  Goddard.  In  one  case  the  packings  were  taken  out  of 
both. 

Mr.  McArthur.  In  a  test  in  our  mill  we  pumped  the  oil 
out  as  well  as  we  could  with  a  syringe,  and  we  made  a  gain  of 
about  eight  per  cent. 

Mr.  Draper.  I  don't  know  whether  Mr.  Winsor  is  here, 
but  I  have  been  informed  — this  is  something  I  did  not  see  my- 
self—  that,  using  an  Emerson  power  scale,  he  would  pour  into 
the  bases  of  the  Rabbeth  spindles,  simply  letting  the  oil  mix 
with  the  oil  that  was  there  before,  a  lighter  oil,  and  it  would 
immediately  show  several  spindles  to  the  horse-power  on  the 
scale.  I  am  not  stating  this  as  something  I  have  seen,  but  as 
something  which  was  told  to  me  as  the  tact. 
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The  President.  If  no  other  gentleman  would  like  to  asl 
Mr.  Draper  any  further  questions,  the  committee  to  nominat 
officers  is  ready  to  report. 

Mr.  McDuffie.  The  committee  appointed  to  nominat 
officers  for  the  ensuing  year  reports  as  follows  :  — 

President. 
Henry  F.  Lippitt,  ....     Providence,  R.  I. 

Vice-Presidents. 


Walter  E.  Parker, 
Arnold  B.  Sanford, 

Robert  McArthur, 
O.  S.  Brown,  . 
Stephen  N.  Bourne, 
S.  S.  Spencer, 
E.  W.  Thomas, 
William  H.  Whitin, 


Directors. 


Lawrence,  Mass. 
Fall  River,  Mass. 

Biddeford,  Me. 
Salmon  Falls,  N.  H. 
Manchester,  N.  H. 
Lancaster,  Penn. 
Lowell,  Mass. 
Whitinsville,  Mass. 


The  PREsroENT.  I  believe  it  is  incumbent  upon  us,  by  ou 
by-laws,  to  elect  officers  by  ballot,  but  it  has  sometimes  bee 
done  by  the  meeting  instructing  the  Secretary  to  cast  one  bal 
lot.     Will  some  gentleman  make  such  a  motion  ? 

Mr.  Woodbury.  I  move  that  the  acting  Secretary  be  in 
structed  to  cast  a  ballot  for  the  list  of  officers  as  reported  b 
the  committee.     Adopted. 

The  Secretary  cast  the  ballot  as  directed,  and  the  officer 
were  declared  elected  as  reported  by  the  committee. 

Mr.  Henry  F.  Lippitt,  the  newly  elected  President,  there 
upon  assumed  the  chair. 

Mr.  A.  G.  Cu^iNOCK.  I  move  that  a  vote  of  thanks  be  en 
tended  to  Mr.  Draper  for  his  paper  and  experiments ;  and  tha 
he  be  recommended  to  continue  experiments  on  the  Rabbeth  an 
Sherman  spindles,  and  present  the  report  at  the  next  meeting 
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Mr.  Johnston.     I  would  add  that  he  also  make  experiments 
on  spindles  that  have  no  receptacle  to  hold  the  oil,  —  like  mule 
Bpindles  and  the  old  fashioned  spindles,  —  and  give  us  at  the 
Same  time  the  result  of  the  wear  and  tear. 
Mr.  Cumnock.     I  accept  the  amendment. 
The  motion  was  adopted. 

Mr.  Thissell.  Before  this  subject  is  left,  inasmuch  as  Mr. 
"Winsor's  name  has  been  mentioned  in  reference  to  the  advan- 
tages of  different  gravities  of  oils  used  for  lubrication,  I  would 
like  to  say  that  Mr.  Winsor  followed  up  the  experiments  which 
were  begun  at  the  Amory  Mills  before  he  went  there.  Mr. 
TVinsor  wrote  me  a  letter  in  which  he  said  that  at  first  he  found 
he  was  getting  with  a  twenty-eight  gravity  oil  sixty  spindles 
to  a  horse-power.  He  then  used  a  lighter  gravity  oil,  and  that 
carried  him  from  sixty-eight  to  seventy.  Then  he  ordered  a 
thirty-five  gravity  oil,  that  gave  him  from  eighty-four  to  eighty- 
eight.  He  saw  he  was  on  the  right  track,  and  asked  for  an 
oil  which  was  thirty-eight  gravity,  providing  it  would  stand 
the  fire  test.  That  oil  gave  him  one  hundred  spindles  to  the 
horse-power.  He  wrote  me  in  his  letter  that  his  experiments 
had  saved  him  thirty  per  cent,  of  the  power  in  his  spinning 
room,  and  sixty-six  per  cent,  on  the  bands.  The  lighting  up 
of  the  spindles  saved  the  wear  and  tear  of  the  bands  and  made 
a  great  saving  in  wear  and  tear  of  machinery.  Any  gentle- 
man can  make  these  tests  for  himself.  These  tests  were  made 
by  the  overseer  with  the  Emerson  Power  Scale,  and  it  does 
not  require  an  expert  to  do  it.  A  second  hand  can  make  them. 
The  advantage  does  not  stop  in  the  spinning  room.  I  see  some 
of  the  gentlemen  laughing,  and,  as  Mr.  Draper  says,  it  is  the 
patented  article  that  sells  and  makes  progress.  Now,  the 
same  difficulty  exists  in  the  wear  and  tear  and  the  friction  of 
machinery  all  through  the  mill.  And  while  some  people  are 
saving  considerable  by  guess,  they  will  find  that  if  they  use  an 
Emerson  Power  Scale  on  the  main  lines  of  shafting,  where 
they  can  see  the  amount  of  power  they  are  using,  large  savings 
can  be  made  daily. 
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The  President.  The  next  event  on  our  programme  is  Mr. 
Dobson's  paper  upon  the  '  *  Principles  of  Cardino  CJotton, 
Card  Wire  and  Carding  Engines."  I  have  the  honor  to 
introduce  to  you  Mr.  Benjamin  Alfred  Dobson,  a  member 
of  the  well-known  firm  of  Dobson  &  Barlow  of  Bolton, 
England. 
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Principles  of  Carding  Cotton,  Card  Wire  and  Carding 

Engines. 


Bt  Bknjason  Alfrbd  Dobson,  Bolton,  Englakd. 


[When  I  selected  the  sabject  for  the  paper  I  am  about  to  read,  I  was  unaware  of  the 
fact  that  it  had  already  been  discussed  more  than  once  by  your  society.  As  the  question 
is  still  of  leading  importance  in  En^and  and  America,  I  venture  to  hope  that  the  paper 
may  not  prove  uninteresting,  and  that  there  may  be  drawn  fh>m  it  some  useful  prac- 
tical results. 

I  have  endeavored  to  avoid  making  invidious  comparisons  or  personal  reflarences. 

April,  1888.  B.  A.  D.] 

Id  the  primitiye  days  of  cotton  spinning  the  operation  of 
preparing  the  cotton  for  the  various  processes  of  spinning  was 
of  the  most  elementary  description.  The  cotton  when  taken 
from  the  bales  was  laid  upon  a  table  of  open  lattice  work  and 
beaten  wiih  a  stick  which  was  known  in  England  as  the  '*  bat- 
ting stick."  This  shook  out  the  heavy  dirt  which  fell  through 
the  interstices,  and  softened  and  opened  the  flakes  of  cotton 
sufficiently  to  allow  of  the  next  operation,  a  species  of  carding. 
This  was  performed  by  a  series  of  cards  fastened  on  a  table  or 
bench.  The  cotton  was  lightly  spread  with  the  fingers,  the 
operative  then  taking  a  card  mounted  on  a  small  board  to  which 
was  affixed  a  handle,  and  by  rapidly  and  carefully  drawing  this 
over  the  surface  of  the  underneath  cards  succeeded  in  paralleliz- 
ing and  stretching  the  cotton.  This  was  done  for  a  certain 
time,  in  th^  judgment  of  the  operative  sufficient,  and  then  it 
was  removed  from  the  cards  and  taken  off  in  the  shape  of  a 
**  fleece  "  with  what  was  then  termed  a  "  needle  stick."  In  this 
operation  a  certain  amount  of  the  fly  and  diil  remained  in  the 
interstices  of  the  card  wire,  and  both  the  lower  wire  and  the 
upper  wire  required  occasional  cleaning  with  the  '^  needle 
stick." 
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When  later  on  the  development  of  the  trade  required  this  to 
be  done  more  regularly  and  mechanically,  and  above  all,  con- 
tinuously, two  individuals  took  out  patents  for  this  purpose, 
viz.,  Lewis  Paul  and  Bourn.  This  card  was  introduced  into 
the  cotton-spinning  districts  of  Lancashire  in  the  year  1760, 
and  a  further  improvement  was  added  by  Sir  Richard  Ark- 
wright,  who  introduced,  amongst  many  other  improvements, 
the  doffing  comb.  From  the  very  first,  two  distinct  ideas  with 
regard  to  the  detail  of  the  machine  were  developed.  Bourn  hav- 
ing plainly  shown  the  principle  of  the  roller  card  and  Paul  the 
fixed  flat  card  system ;  and  some  of  the  cards  which  were  made 
at  the  end  of  the  last  century,  and  which  worked  up  to  a  few 
years  ago  at  Sir  Richard  Arkwright's  establishment  in  Crom- 
ford,  have  the  lap  roller,  feed  rollers,  fixed  flats,  doffer  and 
doffing  comb,  almost  identical  in  principle  with  cards  made  at 
the  present  day.  It  will  be  seen  at  once  what  an  immense 
stride  as  regards  practical  industry  was  made  when  the  old 
hand  system  was  supplanted  by  a  mechanical  system  which 
gave  a  continuous  card  sliver;  and  this  problem  once  being 
solved  left  free  course  open  to  inventors  to  further  improve 
and  vary  the  details  of  this  machine.  The  number  of  models 
of  improvements  in  cards  that  have  been  made  is  legion.  The 
writer's  own  firm  at  one  time  had  no  less  than  350  different 
patterns  of  card  bends.  Of  course  of  late  years  the  tendency 
has  been  to  simplify  the  classification  of  the  cards  destined  for 
various  growths  of  cotton  and  qualities  of  work.  It  would  be 
interesting,  did  time  allow,  to  follow  the  variation  of  roller, 
clearers  and  flats  from  the  time  of  Paul  and  Bourn  up  to  the 
present  day,  but  it  will  suffice  to  say  that  the  three  important 
classifications  of  carding  engines  may  be  stated  to  be  :  first,  the 
roller  cards ;  secondly,  mixed  cards,  containing  rollers  and 
flats  ;  and  thirdly,  flat  cards,  either  revolving  or  fixed.  Each 
of  these  classifications  has  been  subject  to  innumerable  varia- 
tions ;  for  instance,  some  roller  cards  have  all  rollers  acting 
simply  as  revolving  flats,  they  being  rollers  turning  slowly 
on  their  own  centres  and  either  periodically  stripped  by  hand  or 
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automatically  stripped  by  comb,  the  ordinary  roller  and  clearer 
card  having  an  innumerable  variety  of  detail  as  regards  diameter 
of   rollers  and  clearers,  number  of  the  same,  and  the  speed ; 
the  mixed  or   composition  cards  with  rollers  and  flats,  some 
of   the   old-time   cards  having    as   few  as   8   fixed   flats,  the 
remaining  working  surface   l)eing    covered   with   rollers  and 
clearers,  down  to  the  approved  mixed  card  of  the  present  day, 
containing  1  dirt  roller,  2  rollers  and  2  clearers  and  20  flats ; 
and  the  fixed  flat  card  with  the  various  widths  ranging  from 
3  inches  down  to  If  inches ;   and  lastly  the  card  that  seems 
to  be  the  favorite  of  the  present  day,  the  revolving  flat  card 
with  its  flats  varying  from  2^  inches  down  to  1|  inches.     Of 
course  it  must  be  admitted  that  any  variation  in  the  detail  of 
carding  machines  must  to  a  certain  extent  aflect  the  production 
or  quality  of  the  work  done  by  this  machine,  and,  nevertheless, 
it  is  sometimes  very  embarrassing  to  decide  as  to  whether  an 
alteration  is   really  an  improvement  or  otherwise,  but  it  is 
always  safer  in  judging  of  these  points  to  consider  the  princi- 
ple that  underlies  the  working  of  the  machines  and  the  opera- 
tion they  are  intended  to  effect.     I  would,  therefore,  propose, 
with  a  view  to  placing  on  record  the  result  of  considerable 
thought  and  study  of  this  subject,  a  theory  of  carding  which, 
though  it  may  be  deficient  in  detail,  will,  I  think,  be  found 
reasonable  and  comprehensible. 

For  some  reason  the  operation  that  the  cotton  is  submitted 
to  in  the  process  of  carding  has  generally  been  considered  to 
be  a  sort  of  mystery,  inasmuch  as  it  is  impossible  to  see  the 
absolute  action  of  the  various  organs  of  the  machine  when  at 
work;  and  persons  have  written  and  talked  about  **  films"  of 
cotton  and  *'  layers"  of  cotton  being  operated  upon,  and  this 
incorrectness  of  expression  has  given  rise  to  ideas  entirely 
mistaken  as  to  the  real  nature  of  the  proces^  But  there  really 
should  be  no  difficulty  in  tracing  from  the  feed  roller  of  the 
card  to  the  doflBng  comb  the  various  alterations  of  condition 
that  the  cotton  is  subjected  to.  Starting  with  the  feed  rollers, 
I  may  say  that  in  the  opinion  of  most  practical  men  in  Lan- 
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cashire  and  the  continent,  —  where,  certainly,  carding  has 
been  very  carefully  and  ably  studied,  —  the  two  greatest  un- 
provements  that  have  assisted  to  increase  the  production  of  a 
card  are  the  dish  feed,  or  '*  Bodmer's  "  feed,  as  it  was  originally 
called,  and  the  licker-in  or  taker-in,  covered  with  what  is 
termed  inserted  saw-tooth  wire.  These  two  parts  of  the  card 
are  not  novel,  both  having  been  known  for  some  thirty-five 
years  and  more ;  but  having  been  badly  made  and  improperly 
understood,  their  application  in  former  years  to  cards  working 
good  cotton  were  considered  to  be,  and  were  really  practically, 
more  injurious  to  the  staple  than  anything  else  about  the  ma- 
chine. At  one  time  the  idea  was  generally  prevalent  that  it  was 
impossible  to  card  a  good  class  of  cotton  with  the  dish  feed  and 
licker-in  saw-tooth  wire.  It  was  imagined  that  the  action  on 
the  cotton  would  be  too  rough  and  brutal,  and  that  a  loss  of 
strength  would  certainly  ensue.  Now,  it  is  undoubted,  that 
with  these  two  organs  either  ill-arranged  or  ill-adjusted  it  is 
quite  possible  to  cut  the  fibre  into  pieces ;  but,  with  reasonable 
care,  the  action  is  no  more  injurious  than  the  licker-in  covered 
with  ordinary  wire,  or  the  cylinder  taking  the  cotton  direct 
from  the  feed  rollers,  and  the  great  advantage  of  it  is  that  it 
allows,  by  altering  the  shape  of  the  dish  feed  nose,  a  variation 
of  the  action,  according  to  the  length  of  staple  employed.  It 
must  not  be  forgotten  that  all  operations  upon  the  cotton  in  a 
spinning  mill  have  a  more  or  less  injurious  effect  upon  the  natural 
strength  of  the  fibre,  and  the  object  of  every  one  should  be  to 
arrive  at  the  intended  effect  with  the  least  possible  amount  of 
damage.  The  effect  of  the  licker-in  covered  with  saw-tooth 
wire,  as  compared  with  the  old  licker-in  covered  with  sheets,  is 
that  the  ordinary  wire  was  incapable  of  striking  down  the 
heavy  dirt  with  the  same  ease  and  certainty  that  it  is  now  done. 
The  licker-in  soon  got  choked,  it  required  constant  stripping 
and  grinding,  and  made  more  ''  neps  "  than  in  any  other  por- 
tion of  a  carding  engine.  You  are  all  aware  that  the  saw-tooth 
licker-in,  when  once  properly  made,  never  requires  grinding 
and  is  always  perfectly  clean ;  if  it  is  not,  it  is  through  some 
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defect  in  manufacture.  The  teeth,  of  the  licker-in  strike 
through  a  certain  portion  of  the  thickness  of  the  lap  of  the 
cotton,  so  that  it  may  be  said  that  the  heavy  dirt  is  struck 
through  the  lower  side  of  the  lap,  previous  to  the  cotton  being 
released  for  the  licker-in  to  seize  hold  and  convey  the  fibres  to 
the  cylinder.  This  has  eased  the  work  of  the  carding  engine 
a  very  great  deal,  and  has,  more  than  anything  else,  contributed 
to  the  great  productions  that  have  been  arrived  at  of  late 
years.  In  diagitim  No.  1  are  shown  four  sections  of  feed  dish 
noses  for  Indian  cotton  and  waste,  American  cotton,  Eg}T)tian 
cotton  and  long  Sea  Island;  and,  comparing  the  sections,  it 
will  be  readily  seen  how  different  the  conditions  are  under 
which  the  licker-in  teeth  work,  as  regards  the  cotton  lap  pro- 
duced by  the  action  of  the  feed  roller,  and  how  the  varying 
lengths  of  fibre  are  provided  for,  in  order  to  prevent  damage 
to  the  staple. 

Well,  now  for  the  theoiy  of  carding.  I  do  not  know 
whether  any  of  you  gentlemen  have  ever  tried  the  effect  of 
running  a  carding  engine  at  a  very  low  speed,  say  for  instance, 
instead  of  running  the  cylinder  160  to  180  revolutions  per 
minute,  running  it  at  20  or  30,  but  if  any  one  has  done  this 
he  will  have  found  that  there  was  a  very  slight  practical  dif- 
ference in  the  quality  of  the  carding.  This  may  be  noticed 
every  day  in  any  cotton-spinning  mill  when  cards  are  stopped 
by  the  strap  being  thrown  on  the  loose  pulley.  If  the  cards 
are  properly  constructed  they  can  be  stopped  and  started  with- 
out any  apparent  difference  in  the  *'web"  or  in  the  cotton 
coming  off  suflBcient  to  show  when  the  difference  of  speed  was 
made.  This  would  seem  difficult  to  understand  if  it  were  not 
for  an  examination  of  the  speeds  of  the  various  portions  x)f  the 
machine.  For  instance,  in  the  example  of  a  revolving  flat 
carding  engine  carding  Egyptian  cotton  at  about  eight  pounds 
per  hour,  the  feed  roller  being  1,  the  licker-in  would  be 
1,733,  the  cylinder  3,608,  the  dofter  132.  Now,  the  cotton 
coming  over  the  surface  of  the  dish  feed,  and  being  worked  by 
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the  licker-in,  the  projecting  ends  are  straightened  to  a  very 
considerable  extent,  as  may  be  seen  any  time  by  stopping  the 
feed  and  pulling  the  lap  back  for  examination.  Diagram  No. 
26  shows  this  clearly. 

It  will  be  found  that  the  lap  if  tolerably  regular  itself  has 
the  ends  combed  out  and  tapered  from  the  full  thickness  of 
the  lap  to  the  thickness  of  a  few  fibres,  and  appears  almost 
clean  in  that  portion  that  has  already  been  operated  upon  by 
the  licker-in.  As  the  cotton  is  fed  forward  by  the  feed  roller, 
the  points  of  the  licker-in  teeth  seize  hold  of  these  fibres  that 
are  sufficiently  liberated  and  carry  them  round  past  the  dirt 
knives  and  the  undercasing  to  the  point  of  contact  of  the  cylin- 
der and  licker-in.  In  this  passage  much  good  work  may  be 
done,  nearly  all  leaf  can  be  extracted,  and  dead  cotton  shaken 
out,  and  this  with  little  or  no  fatigue  to  the  staple.  In  some 
continental  countries  practical  managers  consider  this  of  so 
much  importance  that  by  preference  they  personally  do  the 
setting  of  the  knives  and  undercasing.  I  have  no  doubt  but 
that  these  knives  and  undercasings  improperly  constructed  and 
regulated  will  account  for  dirty  carding  and  excessive  waste. 
The  angles  of  the  knives  and  bars  in  the  undercasing,  the  dis- 
tance from  one  to  another,  and  the  distance  between  the  points 
of  licker-in  teeth  and  ihe  knives  and  bars  are  of  great  impor- 
tance, and  require  adjusting  to  the  requirements  of  the  staple  of 
the  cotton  being  used. 

Diagram  No.  1  shows  the  various  parts,  the  angles  and 
distances  being  approximately  correct  for  American  cotton. 
Although  there  are  as  many  points  of  wire  on  the  surface  of 
the  licker-in  passing  any  given  point  at  any  moment  as  there 
are  fibres  of  cotton  to  be  worked  at  that  particular  point,  it  will 
be  readily  understood  that  it  is  not  possible  for  each  point  to 
take  its  particular  fibre  of  cotton,  and  this  can  be  practically 
seen  by  examining  the  conditions  of  the  tufts  of  cotton  which 
come  off"  the  licker-in  when  the  undercasing  is  removed.  These 
tufts  consist  of  aggregations  of  an  undetermined  number  of 
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fibres,  the  numbers  being  determined  by  varying  conditions  of 
the  setting,  the  number  of  points,  and  the  shape  of  the  points 
of  the  licker-in  teeth  and  the  quality  of  the  opening  of  the 
cotton  in  the  lap,  and  lastly  the  speed  of  the  licker-in.  This 
being  so  and  these  tufts  being  carried  round  to  the  point  of 
contact  with  the  cylinder,  we  can  understand  that  as  the  cylin- 
der has  a  surface  speed  more  than  twice  that  of  the  licker-in, 
and  that  the  number  of  points  of  wire  passing  in  a  certain  time 
is  as  27  to  1,  that  these  fibres  presented  in  tufts  will  not  l>e 
taken  away  in  the  same  condition,  but  will  be  taken  to  a  certain 
degree  one  aft«r  the  other.  They  are  presented  in  a  dishevelled 
condition  to  the  action  of  the  cylinder  wire,  and  each  fibre 
being  tolerably  free  to  part  from  its  companions,  and  being 
seized  by  one  of  the  points  of  the  cylinder  wire,  will  go  away 
freely  and  thereby  equalize  on  the  surface  of  the  cylinder  the 
number  of  fibres  in  a  given  space.  For  instance,  the  number 
of  points  of  cylinder  card  wire,  passing  a  given  point  in  the 
circumference  in  a  minute  will  be  somewhere  about  362,- 
000,000,  and  the  points  of  the  licker-in  passing  any  point  of  the 
circumference  are  about  13,750,000  per  minute,  and  the  num- 
ber of  fibres  fed  in  one  minute  13,750,000.  Now,  it  will  be 
evident  that  the  cotton  coming  from  the  feed  part  having  been 
taken  away  by  the  licker-in  and  presented  to  the  cylinder,  and 
as  it  is  taken  in  detail  as  far  as  practicable  by  the  cylinder,  it 
will  be  to  an  extent  stretched  and  parallelized,  and  this  simply 
owing  to  the  difference  of  circumferential  speed  together  with 
the  difference  of  the  number  of  points  of  teeth  of  the  two 
organs,  and  that  it  will  he  fairly  equally  distributed  on  the 
working  surface  and  that  it  will  have  lost  a  certain  amount  of 
its  heavy  dirt  and  leaf,  but  it  is  still  curled  and  twisted  and  the 
short  cotton  or  fibre  is  still  with  it  and  there  is  also  the  "  nep.'* 
Now,  then,  comes  in  the  action  of  cleaning,  the  organs  for 
which,  as  before  explained,  may  be  rollers  and  clearers,  or  flats, 
and  as  the  cylinder  in  passing  from  the  licker-in  to  the  doffer 
has  to  carry  its  cotton  past  these  cleaning  organs,  if  there 
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should  be  any  great  irregularity  in  the  aggregations  of  the 
cotton  fibres  these  flats  or  other  organs  will  seize  the  super- 
abundant fibres  and  retain  them  for  a  certain  time.  This  time 
depends  upon  the  length  of  the  fibre.  The  long  fibres  are 
naturally  held  more  securely  by  the  cylinder  and  less  securely 
by  the  flats  than  the  short  fibres,  and,  in  fact,  when  once  very 
short  fibres  have  been  presented  to  the  flats  the  cylinder  is 
incapable  of  taking  them  back  again,  and  this  is  one  of  the 
most  valuable  efifects  which  render  possible  the  cleaning  of 
cotton  in  the  card ;  but  this  condition  is  dependent  upon  the 
wire  of  the  cylinder  and  flats  being  both  in  proper  order. 
Now,  the  further  equalizing  process,  and  one  which  tends  to 
parallelize  the  fibres  coming  from  the  card,  is  the  giving  of 
the  cotton  by  the  cylinder  to  the  doffer.  Now,  as  you  are 
aware,  the  doffer  is  clothed  with  wire  finer  than  the  cylinder. 
Where  the  cylinder  is  130  to  the  inch  the  doffer  will  be  140, 
the  object  of  this  difference  being  to  give  the  doffer  more 
points  to  seize  the  fibres  presented  by  the  cylinder,  and  it  will 
be  further  seen  that  on  the  same  principle  of  difference  of 
circumferential  speed,  but  reversed,  by  which  the  cylinder  and 
licker-in  have  equalized  the  numbers  of  fibres  in  a  given  sur- 
face by  exceeding  the  speed  of  the  feed  organ,  that  the  doffer, 
by  running  slower  than  the  cylinder,  further  increases  this 
equalization,  by,  as  it  may  be  said,  condensing  the  areas  of 
variation,  this  particular  operation  practically  being  the  same 
as  the  doubling  of  the  further  processes  in  a  cotton  mill. 
Now,  the  doffer  on  receiving  the  cotton  on  its  surface  from  the 
cylinder,  and  turning  at,  say  a  speed  of  132  to  the  feed  roller 
one,  is,  by  reason  of  the  knife  of  the  undercasing,  which,  as  can 
be  seen  by  diagram  No.  4,  is  passed  as  far  between  the  cylin- 
der and  doffer  as  possible,  cut  off  from  any  further  interference 
by  the  cylinder,  and  presents  its  cotton  to  the  dofiSng  comb 
without  any  further  change.  This  particular  action  of  a  card- 
ing engine  is  often  spoken  of  by  old  card  overlookers  as  the 
best  carding  point  of  the  machine,  and  upon  the  accuracy  of 
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the  surface  of  the  doffer  wire,  the  closeness  of  the  setting  to 
the  cylinder,  and  the  state  of  the  teeth  of  the  doffer  wire,  de- 
pends the  equality  and  smoothness  of  the  web  taken  off  by  the 
comb.  Now,  the  taking  of  the  web  through  the  condenser 
plate  and  callender  rollers  or  draw-box  to  the  coiler  are  abso- 
lutely identical  in  all  cards,  and  require  no  explanation.  I  give 
here  a  tiible  showing  the  particulars  of  the  figures  from  which 
I  have  quoted.  This  table  is  taken  from  a  paper  I  read  before 
the  Bolton  Mill  Managers'  Technical  Association  in  April, 
1886:  — 
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It  may  further  assist  if  I  state  that  iD  taking  the  ordinary 
Egyptian  cotton  as  carded  in  a  Bolton  mill  for  No.  608,  the 
weight  of  lap  per  yard  is  10  ounces,  the  speeds  of  the  various 
organs  as  per  the  foregoing  table,  the  waste  to  the  licker-in  as  2 
per  cent.,  the  waste  of  the  cylinder  as  one-half  per  cent.,  and 
that  on  the  flats  as  3^  per  cent.  The  compressed  thickness  of 
the  lap  may  be  taken  as  about  the  forty-seventh  paii;  of  an  inch, 
and  the  thickness  of  the  layer  of  cotton  on  the  various  organs 
of  the  card  would  be  :  On  licker-in  ^j.^y^  ^^^^ '  ^^  cylinder 
T^^.FTff  ^^^^9  ^^  doffer  ^,i^^  inch.  The  thickness  of  fibre  of 
ordinary  Egyptian  cotton  is  the  1.1526  part  of  an  inch,  which 
will  show  that  the  cotton  on  the  working  part  of  the  card  is 
not  a  continuous  web,  film  or  layer  as  you  hear  too  often  talked 
about  when  carding  is  being  discussed,  but  consists  of  fibres 
and  aggregations  of  fibres  with  relatively  large  spaces.  The 
extent  of  space  of  the  working  surface,  as  compared  with  the 
surface  of  cotton,  is  for  the  licker-in  as  23.5  to  1,  for  the  cylin- 
der as  50.8  to  1,  and  for  the  doffer  as  1.86  to  1.  It  will  be 
seen,  therefore,  that  the  licker-in  has  a  few  more  points  of 
wire  than  there  are  fibres  on  the  licker-in  at  any  time.  The 
cylinder  has  at  least  four  times  as  many  points  of  wire  as  there 
are  fibres,  and  the  doffer  over  twice  as  many,  and  that  in  110 
revolving  flats,  of  which  44  are  constantly  at  work,  there  are  eight 
times  as  many  points  of  wire  as  there  are  fibres  of  cotton  on 
the  flats.  Now,  from  the  foregoing  remarks  it  will  be  seen  that 
some  of  the  existing  ideas  of  the  action  of  carding  must  neces- 
sarily have  been  founded  on  a  want  of  knowledge  of  the  actual 
conditions,  and  that  no  doubt  much  misconception  has  arisen, 
owing  to  the  belief  that  there  was  always  a  large  amount  of 
cotton  between  the  cylinder  and  the  flats  or  rollers  actually 
under  operation. 

The  effect  of  centrifugal  force  on  carding  (as  an  assistant) 
has  also  been  very  much  exaggerated.  No  doubt  centrifugal 
force  does  aid  to  a  certain  extent,  but  not  to  anything  like 
the  degree  generally  attributed  to  it.  This  can  be  proved, 
as  I  have  said  before,  by  slowing  the  card   to  an  absurdly 
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slow  speed,  and  observing  the  work.  This  naturally  brings 
up  the  question  of  what  is  really  the  action  of  the  card 
wire  upon  the  cotton,  and  this  point  has  caused  so  much  con- 
tention that  it  has  been  with  some  diffidence  that  I  have  ven- 
tured to  include  it  within  the  scope  of  my  remarks  ;  but  having 
been  forced  by  circumstances  to  discuss  this  question  with 
many  individuals,  I  have  to  a  certain  degree  formed  conclusions. 
It  may  be  said  that  in  carding,  as  in  most  other  things,  there  are 
two  extremes,  and  between  these  will  range  the  gradations.  In 
the  first  place  there  is  quality,  and  in  the  second  place  quantity. 
K quality  alone  is  wanted,  irrespective  of  the  question  of  pro- 
duction, the  same  conditions  do  not  hold  good,  and  the  same 
applies  exactly  as  regards  quantity.  I  maintain  that  it  is  im- 
possible to  get  at  the  same  time  the  extreme  of  quality  and  the 
extreme  of  quantity,  and  that  as  one  increases  the  other  suffers. 
In  fact,  this  is  an  axiom  or  principle  that  is  universally  applica- 
ble, not  only  to  carding  but  to  almost  everything  else.  It  is 
then  more  a  matter  for  the  spinner  to  decide  as  to  whether  the 
result  is  satisfactory  to  him  or  not,  and  if  he  prefers  quantity  it 
is  an  easy  matter  to  arrange  to  have  this  quantity.  If  I  were 
asked  to  enunciate  the  guiding  principles  for  the  clothing  of 
carding  engines,  I  should  say,  first  of  all,  the  licker-in  should 
be  clothed  with  inserted  wire  as  smooth  as  it  can  be  made  and 
as  hard  as  it  can  be  made ;  that  there  should  be  no  variation 
in  the  heights  of  the  points  from  the  centre  of  the  licker-in,  and 
that  the  angle  of  the  tooth  should  be  carefully  calculated  for  the 
quality  of  the  cotton  and  the  speed  of  licker-in  desired ;  that 
the  cylinder  should  be  clothed  with  a  wire  set  in  a  foundation 
sufficiently  strong  to  stand  the  stretching  on  the  cylinder  with- 
out deforming  the  angle  of  the  wire  or  laying  any  extra  stress 
upon  any  portion  of  the  wire,  and  stand  also  the  strain  of  grind- 
ing ;  that  the  angle  of  the  lower  part  of  the  bend  should  be  such 
that  there  would  be  no  danger  of  the  wire  at  any  time  rising  so 
as  to  come  into  contact  with  the  wire  of  any  other  organ,  and  so 
that  the  wire  should  hold  well  up  to  the  grinding ;  that  the 
whole  of  the  lower  portion  of  the  wire  from  the  extreme  upper 
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point  may  be  smooth  as  possible,  —  as  smooth  as  the  card  maker 
knows  how  to  manufacture  it ;  that  the  points  should  not  be  what 
is  termed  '*  open  set,"  but  should  by  preference  be  twilled  set, 
so  that  in  looking  across  the  card  there  should  be  as  unbroken 
a  front  of  wire  points  to  the  view  as  possible,  and  that  it  should 
not  be  practicable  for  any  length  of  straight  open  space  between 
the  wire  to  exist.     What  I  have  said  previously  with  regard  to 
the  number  of  fibres  that  are  in  operation  at  any  one  time  will 
show  the  importance  of  this.     The  wire  may  be  made  of  either 
iron  or  steel.     Iron  wire,  thoroughly,  well  and  carefully  ground 
and  set  will  give  a  point  suitable  for  carding  that  can  be  ex- 
celled by  nothing.     I  feel  inclined  to  place  mild  steel  wire  on 
the  same  level  as  the  best  iron  wire,  inasmuch  as  its  homoge- 
neous nature  allows  a  very  careful  and  exact  grinding,  and  the 
point  formed  on  this  wire  is  little  if  at  all  inferior  to  that  of  the 
iron  wire.     Top  ground  hardened  and  tempered  wire  has  of 
late  years  come  into  favor  for  carding  good  qualities  of  cotton, 
where  some  time  ago  it  was  looked  upon  with  disfavor.     The 
difierence  of  the    point  formed  on   the  wire  by  good  or  bad 
grinding  is   very  easy  of  understanding.     If  the  gidnding  be 
slowly,  lightly  and  carefully  done,  the  front  edges  of  the  points, 
which  are  formed  by  grinding  backwards,  are  serrated  by  the 
action  of  the  emery,  and  these  serrations  are  as  numerous  and 
fine  as  the  nature  of  the  metal  will  permit.     If  done  hastily 
and  heavily,  the  serrations  are  coarser,  and  often  the  pressure 
and  heat  combined  cause  the  metal  to  *  *  flow  "  over  and  cause 
what  is  generally  termed  *'  hook."     This  is  very  prejudicial  to 
the  quality  of  carding  and  increases  the  waste.     Keeping  in 
view  the  object  to  be  attained,  viz.,  to  procure  the  greatest 
number  of  serrations  of  the  extreme  top  surface  of  each  point  of 
wire,  it  will  bo  evident  that  the  quality  of  the  metal  governs 
this,  and  practically  the  serrations  formed  on  the  upper  surface 
of  hardened  and  tempered  steel,  although  not  so  acute  and  fine 
as  that  on  softer  metal,  are  for  the  coarser  fibres  of  cotton  suffi- 
ciently so  to  practically  perform  the  work  required.     The  dif- 


■ 


42 

ferencc  in  the  serrations  comes  from  the  distinction  betweei 
fibrous  and  granular  metals. 

The  object  of  the  wire  maker  and  the  carder  who  sets  an< 
grinds  his  cards  should  be  to  take  the  cotton  round  from  th< 
back  of  the  card  to  the  front  with  as  little  damage  and  fatigu< 
to  the  fibre  as  possible ;  at  the  same  time  that  the  cleaning 
should  be  as  efiective  as  possible,  and  that,  when  it  is  neces 
sary  to  brush  or  strip  the  cylinder  or  flats,  this  operation  shouh 
be  done  with  as  little  fatigue  to  the  wire  and  brush  as  possible 
Furthermore,  the  character  of  the  foundation  of  the  win 
should  be  such  that  when  once  put  on  it  will  not  change  \\x 
nature  from  variations  in  temperature  or  moisture  of  the  at 
mosphere.  For  the  doffer,  I  may  say  almost  exactly  the  same 
as  I  have  for  the  cylinder.  The  wire  should  be  finer.  Il 
should  be  top  ground  only  and  should  be  twill  set  so  as  tc 
present  to  the  cylinder  the  greatest  front  of  wire  possible,  k 
card  covered  with  the  wire  I  have  just  named  will  do  propor- 
tionately to  quality  more  than  any  other  description  of  cloth- 
ing, and  the  cotton  coming  off  in  a  "  web"  at  the  front  will 
have  the  fibres  more  parallel  and  require  less  drawing  after- 
wards, and  will  consequently  give  smoother  yarn  and  also  a 
stronger  yarn.  This  can  often  be  seen  in  making  comparisons 
in  the  first  drawing  head  and  even  in  the  sliver  itself  from  th€ 
card.  You  will  see  that  I  have  contended  on  the  principle  ol 
top  grinding  and  twill  setting.  This  will  at  once  bring  me 
into  conflict  with  a  large  number  of  people  who  are  believers 
in  exactly  the  opposite,  viz.,  what  is  termed  *' needle-pointed" 
or  "side-ground"  wire,  open  set.  I  may  say  at  once  that  the 
'*open  set"  is  necessary  for  the  production  of  the  **  side- 
ground  needle-point,"  as  otherwise  its  manufacture  would 
be  impossible,  and  I  presume,  therefore,  that  making  a  virtue 
of  necessity  the  manufacturers  of  the  "  needle-pointed  wire" 
profess  to  believe  that  the  "  open  set"  is  preferable.  It  is  better 
in  carding  to  have  a  point  which  only  has  a  serration  caused 
by  grinding  the  extreme  top,  and  by  this  means  cleaner  and 
smoother  carding  can  be  got,  from  the  fact  that  on  both  cylin- 
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der  and  flats  the  points  that  really  hold  the  cotton  are  closer 
together,  and  I  am  also  of  opinion  that  the  fibre  itself  is  less 
•  injured  in  the  process  of  carding  with  this  point  than  by  the 
so-called  needle-point.  It  will  perhaps  be  sjiid,  How  can  you 
explain  the  fact  that  the  needle-pointed  wire  has  been  so  suc- 
cessful in  so  many  cases,  that  it  is  producing  such  great  weight 
and  that  there  is  so  much  satisfaction  expressed  with  its  work- 
ing? and  I  may  be  asked  also,  Have  you  not  yourself  seen 
cards  clothed  with  this  wire  working  in  a  satisfactory  manner? 
I  may  say  at  once  that  when  I  first  saw  the  needle-pointed  wire 
I  was  extremely  astonished  at  its  apparently  good  work,  and  to 
find  a  wire  made  on  principles  so  opposed  to  what  one's  educa- 
tion had  allowed  him  to  believe  was  the  correct  principle,  and 
it  was  not  until  after  much  study  and  for  a  considerable  time 
that  the  mystery  was  solved. 

In  the  first  place,  many  of  these  cards  have  replaced  wire  of 
an  old  manufacture  which  was  at  all  times  incapable  of  produc- 
ing the  weights  of  the  present  day ;  most  of  these  cards  have 
had  the  saw-tooth  licker-in  and  dish  feed  applied  either  before 
or  simultaneously  with  the  hardened  and  tem{)ered  clothing, 
and  of  course  the  cards  are  working  under  different  conditions ; 
but  to  explain  the  apparent  paradox  of  the  difference  between 
the  needle-pointed  wire  and  the  top-ground  wire  is  simpler 
than  it  would  at  first  seem.  The  fact  is,  that  all  side-ground 
wire,  whether  on  one  system  or  another,  whether  the  ''chisel*' 
point  or  the  ''needle"  point,  is  roughened  a  certain  distance 
down  from  the  top,  and  the  result  is  that  it  gives  the  wire 
greater  holding  power  than  would  seem  possible  ;  that  is  to  say, 
that  instead  of  the  fibres  of  cotton  being  seized  by  the  point  of 
the  wire  and  taken  round  between  the  flats  and  the  cylinder  for 
the  purpose  of  cleaning  and  straightening,  they  may  adhere  to  a 
portion  of  the  wire  some  distance  below  the  point,  and  the 
result  of  this  is  to  depreciate  the  straightening  process.  There 
is  another  point  with  regard  to  this  wire.  It  will  make  less 
waste  undoubtedly  from  the  fact  that  there  is  more  room  for 
the  cotton  to  get  out,  and  that  through  the  fact  of  there  being  a 
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space  which  decreases  inwards  as  the  depth  increases,  it  nat- 
urally tends  by  side  grinding,  together  with  the  roughness 
thereby  caused,  to  prevent  any  fly  or  waste  from  sinking  below 
a  certain  depth.  I  have  myself  on  many  occasions  examined 
these  cards  and  found  a  layer  or  film  of  fly  a  certain  distance 
from  the  top  of  the  wire,  and  always  about  the  same  thickness, 
which  did  not  seem  to  increase  much  with  running,  and  very 
soon  after  the  card  was  cleaned  the  film  was  formed  again. 
The  reason  that  this  film  of  short  cotton  does  not  sink  lower 
than  a  certain  level  is,  as  I  said,  on  account  of  the  tapered 
space  and  the  roughness  of  the  side-ground  wire ;  but  inasmuch 
as  all  cotton  has  a  certain  quantity  of  fly  which  produces  waste, 
it  is  evident  that  if  one  card  makes  less  waste  than  another, 
that  card  which  makes  the  most  waste  must  be  taking  out  long 
fibres  that  it  should  not,  or  that  card  making  the  least  waste  is 
sending  fly  with  the  cotton  which  will  ultimately  make  dirty 
spinning  rooms  and  dirty  yam.  The  film  when  once  formed 
acts  as  a  partition  which  prevents  further  deposit,  and  the  fly 
which  would  naturally  be  left  in  the  cylinder  wire  is  forced  to 
accompany  the  long  fibre.  It  would  then,  if  it  could,  attach 
itself  to  the  wire  of  the  flats,  but  as  these  are  already  sufli- 
ciently  charged  the  good  cotton  places  it  on  the  doffer  wire. 
The  result  of  this  is  that  there  is  a  considerable  change  in  the 
composition  of  the  **  web  "  between,  the  wire  being  thoroughly 
cleaned ;  and  after  the  film  has  been  formed,  a  part  of  the  "  fly  " 
may  be  shaken  oflT  or  otherwise  got  rid  of  in  the  subsequent 
processes,  but  the  greater  part  is  fixed  in  the  finished  yarn  and 
the  result  is  most  prejudicial.  In  dyeing  delicate  shades  and 
light  tints  some  parts  of  the  yarn  will  take  up  more  of  the 
coloring  matter  than  other  parts,  and  give  an  uneven  and 
blotchy  appearance  to  the  piece.  The  reason  of  the  extra  dye 
being  absorbed  is,  of  course,  the  fact  that  the  '*  fly  *'  acts  simi- 
larly to  a  sponge. 

In  every  class  of  cotton  there  is  an  amount  of  short  fibre 
which  ought  to  be  removed,  under  penalty  of  lowering  the  qual- 
ity of  the  yam ;  and  if  this  be  not  done  the  quality  of  the  yarn 
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must  inevitably  suffer.  There  is  no  reason  or  excuse  for  mak- 
ing unnecessary  waste,  but  it  is  better  to  err  (if  error  there  must 
be)  on  this  side  rather  than  the  other.  In  the  very  lowest 
classes  of  yam  this  is  not  so  important,  the  main  qualities 
sought  being  weight  and  filling.  The  amount  of  waste  which 
should  be  taken  out  will  vary,  and  no  absolute  rule  can  be 
given.  But  this  much  is  certain,  —  the  wire  should  have  the 
ability  to  retain  the  dirt  and  fly,  once  placed  in  the  spaces  be- 
tween the  teeth ;  and  the  wire,  when  filled,  should  be  stripped 
without  delay.  The  time  a  card  can  run  with  a  given  produc- 
tion, under  this  condition,  may  be  readily  ascertained;  and 
when  this  time  has  expired,  if  the  card  be  not  cleaned  the  inev- 
itable result  is  dirty  and  irregular  yam,  A  difficulty  of 
side-ground  wire  is  the  stripping  of  the  flats,  and  when  a  card 
has  been  started  it  has  often  been  found  necessary  to  put  a 
metallic  brush,  instead  of  the  ordinary  bristle  hair-brush,  to 
smooth  the  teeth  of  the  flats  sufficiently  to  allow  them  to  strip. 
When  this  brush  has  worked  a  certain  length  of  time  the  flats 
will  strip  almost  as  easily  as  any  ordinary  wire,  the  meaning  of 
it  being  that,  by  its  constant  revolution  in  the  wire  of  the  flats, 
some  of  the  asperities  caused  by  the  side  grinding  in  the  lower 
part  of  the  point  have  been  removed.  When  this  result  has 
been  obtained  the  carding  is  found  to  be  irregular  and  dirty, 
and  further  side  grinding,  in  places,  is  found  to  be  necessary. 
The  polishing  process,  it  would  seem,  must  weaken  the  hold  of 
the  teeth  of  the  wire  in  the  foundation  of  cloth,  and  according 
to  the  varying  temper  of  the  steel  and  compactness  of  the 
cloth,  some  points  will  be  lower  or  higher,  as  they  will  not  all 
spring  back  to  the  original  position.  This  may  be  seen  in  any 
hardened  steel  cards  which  have  been  worked  a  year  or  two. 
Besides,  this  polishiog  is  an  extra  work  which  ought  not  to 
require  to  be  done  when  a  card  is  clothed  and  ready  for  work, 
and,  if  necessary,  should  be  completed  before  delivery  by  the 
maker.  It  may  be  said  that  it  is  an  axiom  that  the  less  you 
have  to  strain  or  distress  th«  wire,  once  on  the  card,  the  better ; 
and  as  the  ultimate  strength  of  the  card  clothing  is  the  cloth 
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foundation,  the  less  it  is  interfered  with  the  longer  it  will  last. 
The  reason  that  the  carding  becomes  dirty  as  soon  as  the  side- 
ground  wire  is  polished,  is  that,  the  asperities  being  removed, 
the  taper  interstices  of  the  wire  have  less  power  to  retain  the 
dirt  and  **  fly,*'  which,  consequently,  go  with  the  good  cotton ; 
and  the  reason  of  the  irregularity  is  that  a  large  percentage  of 
the  power  of  holding  the  long  cotton  has  also  been  removed, 
and  the  fibres  are  taken  more  in  tufts  or  bunches. 

The  undercasing  extending  from  the  point  of  contact  of  the 
doffer  and  cylinder  is  of  importance  when  it  is  desirable  to 
limit  the  amount  of  waste  or  to  prevent  unnecessary  waste.  It 
will  be  conceded  that  the  work  of  the  doffer  in  receiving  the 
cotton  from  the  cylinder  is  not  absolutely  perfect,  and  a  pro- 
portion of  long  fibres,  which  varies  from  1  per  cent,  to  2J  per 
cent. ,  is  not  laid  upon  the  doffer  in  each  revolution  of  the  cylin- 
der. Then,  if  there  were  nothing  immediately  below  the  wire 
of  the  cylinder,  these  fibres  by  gravity  and  centrifugal  force 
would  part  from  the  cylinder  wire  and  become  waste.  The 
undercasing,  which  should  be  most  accurately  constructed,  is 
capable  of  being  regulated  within  a  short  distance  of  the  cylin- 
der wire,  is  perfectly  smooth  on  its  inside  surface  and  is  pro- 
vided with  alternated  triangular  bars  and  spaces,  the  angles  of 
which  are  arranged  with  due  regard  to  the  centrifugal  and  tan- 
gential action  in  such  a  way  that  the  long  fibres  of  good  cotton 
are  retained  and  the  loose  part  of  the  fly  and  dirt  rejected. 
The  long  fibres  being  also  loosened,  to  an  extent,  from  the  teeth 
of  the  cylinder,  are  in  a  condition  to  conjoin  the  cotton  delivered 
by  the  licker-in  and  be  transferred  to  the  doffer  in  the  next 
following  revolution  of  the  cylinder. 

It  has  been  observed  by  chemical  and  microscopical  examin- 
ation that  the  outside  cover  of  the  cotton  fibre  is  a  very  delicate 
wax.  If  at  any  time  in  the  working  of  cotton,  deposits  of  very 
fine  or  impalpable  white  powder  can  be  observed,  it  is  abso- 
lutely certain  that  the  waxy  covering  of  the  cotton  fibre  is 
being  excoriated  to  the  great  detriment  of  the  **  lustre  "  and  of 
the  strength  and  elasticity  of  the  yarn.     On  one   occasion  I 
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found,  out  of  140  cards  in  one  card  room,  clothed  by  most 
of  the  best  makers  in  the  country,  9  cards  which  showed 
on  the  coiler  top,  opposite  the  sliver  hole  of  each  card, 
a  little  heap  of  this  impalpable  white  powder,  and  upon  exam- 
ination I  found  the  wire  to  be  hardened  and  tempered  needle- 
pointed.  My  opinion  then,  which  has  since  been  confirmed, 
was  that  the  cotton  fibres  being  further  down  than  the  points 
of  the  wire,  had  to  be  drawn  across  the  eictremely  fine  serra- 
tions caused  by  the  needle-pointing  or  side  grinding  and  thus 
scraping  or  excoriating  the  outside  cover  of  the  fibre.  This 
has  been  proved  by  the  fact  that  constant  stripping  with  a  wire 
brush  has  smoothed  the  wire  sufficiently  to  prevent  the  recur- 
rence. In  any  card  a  degree  of  this  defect  may  be  found  out, 
bnt  as  a  rule  it  is  infinitesimal.  The  only  time  I  ever  saw  this 
80  marked  as  in  the  case  stated  was  on  the  coiler  of  some  dozen 
Heilmann  combers  which  had  been  started  without  the  nippers 
being  covered  with  leather.  I  have  also  found  out  by  some 
microscopical  examinations  made  for  me  by  the  curator  of  the 
Bolton  Museum,  Mr.  Midgeley,  that  excoriation  of  the  outside 
cover  of  the  fibre  reduces  the  natural  twist  of  the  cotton,  and  to 
a  small  extent  the  strength,  but  reduces  to  a  great  degree  the 
elasticity  of  both  fibre  and  yarn.  I  have  lately  seen  the  report 
of  very  careful  trials  made  in  Alsace  of  various  classes  of  wire, 
and  I  may  say  that  both  experiences  tally  fairly  well.  The 
Alsacian  report  is,  however,  even  stronger  in  expression  against 
needle-pointed  wire.  I  hope  I  have  made  it  quite  clear  that  all 
my  adverse  criticism  is  not  to  the  hardened  and  tempered  steel 
but  to  the  result  of  the  side  grinding.  My  principal  objection 
to  hardened  and  tempered  steel  is  that  the  wire  is  never  so* 
smooth  as  iron  wire  and  is  generally  much  rougher,  due  to  the 
scurf  left  on  the  surface  in  the  process  of  case  hardening.  If 
the  wire  can  be  sufficiently  polished  and  the  mill  hands  will 
apply  sufficient  intelligence  and  patience  in  the  grinding,  there 
is  no  reason  why  hardened  and  tempered  wire  should  not  do 
thoroughly  good  work  without  damage  to  the  cotton,  while  at 
the  same  time  presenting  the  advantage  of  economy  of  time  in 
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grinding.  Whether  hardened  and  tempered  wire  should  or 
should  not  have  a  layer  of  natural  india-rubber  is  at  present  an 
open  question.  Most  makers  recommend  it,  as  they  say  it 
holds  the  wire  in  its  original  place  and  by  allowing  a  springy 
or  elastic  motion  while  grinding  prevents  the  snapping  off  of 
the  steel  points.  On  this  point  I  prefer  not  to  give  any  opin- 
ion at  present,  further  than  stating  that  the  question  of  the 
use  of  natural  india-rubber  is  very  much  dependent  upon  the 
climatic  influences.  I  am  informed  that  in  the  climate  of  this 
part  of  America,  with  the  extreme  gradations  of  heat  and  cold, 
the  india-rubber  quickly  loses  its  properties  and  disintegrates, 
thereby  utterly  spoiling  the  clothing.  In  any  case  the  aim 
of  the  card  wire  maker  should  be  to  proportion  the  founda- 
tion to  the  wh'e,  and,  in  the  case  of  hardened  or  tempered 
steel  wire,  the  cloth  foundation  should  be  as  firm,  close, 
and  compact  as  the  possibilities  of  manufacture  permit.  In 
carding,  the  nearer  perfection  in  construction  that  can  be 
arrived  at  the  better  the  process  will  be  done,  and  nearly 
all  makers  of  cotton  machinery  for  a  number  of  years  past 
have  been  forced  by  the  exigencies  of  the  trade  to  consid- 
erably amend  and  improve  their  former  methods  of  con- 
struction. All  the  framing  of  the  machine  has  been  consider- 
ably strengthened  and  more  firmly  tied  together.  The  diameter 
of  the  cylinder  shaft  and  the  length  of  the  bearings  have  also  been 
considerably  increased ;  the  cards  have  been  closed  up  by 
concentric  casings  where  in  former  days  spaces  were  left  which 
allowed  accumulation  of  "fly "and  **dirt."  Endeavors  have 
been  made  to  regulate  the  setting  of  the  working  parts  to  a 
degree  of  fineness  that  in  former  days  was  unknown  and  would 
have  been  impossible.  I  will  proceed  to  give  as  briefly  as 
possible  a  description  of  the  *'  Simplex  "  carding  engine,  which 
has  proved  such  a  success  in  England  and  on  the  continent,  and 
it  will  be  understood  that  in  doing  this  I  do  not  make  any  invid- 
ious comparison  between  this  card  and  any  other. 

On  diagram  No.   1  will  be  seen  the  feed  part  of  the  card 
containing  the  dish  feed  roller  a,  licker-in  6,  under-knives  c, 
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and  undercasing  J,  .together  with  the  concentric  casings  e 
and  f^  in  steel  plate,  planed  and  polished  inside  and  out,  with 
the  feed  roller  clearer  g^  to  prevent  blowing  out  or  draughts, 
and  a  portion  of  the  cylinder  A  and  flats  k.  The  diagram 
shows  the  various  arrangements  for  Indian,  American,  Egyp- 
tian and  Sea  Island  cottons,  and  also  shows  the  degree  of  fine- 
ness of  the  points  of  the  inside  casings  and  also  the  exactness 
that  they  can  be  regulated  to.  The  knives  enn  I>e  altered  in 
position  and  angle  without  any  difficulty,  to  suit  the  various 
lengths  of  staple.  The  object  of  the  variation  in  the  front 
part  of  the  feed  plate  is,  of  course,  to  enable  the  points  of  the 
licker-in  wire  to  comb  out  gradually  the  staple  without  at  any 
time  being  able  to  seize  the  fibres,  which  are  firmly  held  by  the 
feed  roller  and  lap.  (See  diagram  No.  26.)  The  undercasing 
is  made  as  exactly  as  any  other  poilion  of  the  card,  and  is  of 
the  very  greatest  importance.  Proceeding  to  the  cylinder, 
diagram  No.  2,  the  cylinder  shaft  journals  a  are  2.\  inches  diam- 
eter, made  of  the  hardest  cast-iron ;  they  turn  in  phosphor 
bronze  bushes  5,  placed  in  the  pedestal  which  is  cast  in  one 
piece  with  the  bend,  and  have  a  length  of  rather  over  5  inches, 
or  more  than  twice  the  diameter.  In  the  original  patent  there 
was  an  arrangement  for  setting  by  the  cylinder  through  wear 
of  the  shaft  or  bushes.  We  have  made  these  si>ecial  bronze 
bushes  which  have  now  been  running  for  over  nine  years.  We 
have  taken  out  these  bushes  for  examination  and  found  that  in 
both  the  cylinder  journal  and  the  phosphor  bronze  bush  the 
original  polishing  marks  were  still  discernible ;  therefore,  if 
after  nine  years'  working  there  was  so  little  wear  that  it  was 
not  measurable,  it  seems  to  us  useless  to  add  to  the  complica- 
tion of  matters  and  cost  of  the  card,  and  introduce  another 
point  where  error  might  be  possible.  I  may  here  say  that  with 
our  system  of  setting  the  flats,  as  I  will  explain  immediately, 
no  cylinder  adjustment  is  necessary  to  counteract  any  difficulty 
or  defect  in  the  setting  of  the  flats.  We  prefer  the  cylinder 
journal  to  remain  in  its  exact  position  as  long  as  the  card  will 
run,  and  we  fancy  that  one  reason  of  this  adjustment  being 
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adopted  by  other  makers  is  the  difficulty  that  they  have  found 
in  their  systems  for  adjusting  the  Iflats  to  the  cylinder.  In  any 
case,  I  will  make  myself  responsible  for  the  statement  that  with 
properly  constructed  journals  and  efficient  oiling,  and  any  rea- 
sonable tightness  or  length  of  strap,  there  will  be  no  such  wear 
as  will  occasion  the  spinner  any  anxiety,  or  any  loss  of  quality 
of  his  carding,  for  a  period  of  ten  years.  When  I  say  ten 
years  I  do  not  mean  to  limit  myself  to  this  period,  but 
our  experience  in  this  description  of  bearing  only  dates  for 
the  ten  years ;  but  should  there  be  the  two-hundredth  part  of 
an  inch  wear,  the  spinner  by  simply  removing  the  pulleys  on 
the  ends  of  the  driving  shaft  of  the  cylinder  and  taking  out  a 
screw  c  from  each  phosphor  bronze  bush,  can  with  a  key  turn 
the  phosphor  bronze  bush  half  round,  which  will  mean  placing 
the  cylinder  in  its  exact  original  position,  and  providing  for 
another  ten  years'  wear.  As  regards,  therefore,  the  wear,  we 
have  not  as  yet  found  any  that  have  ever  worn  sufficiently  to 
require  consideration,  but  after,  say  twenty  years'  working,  it 
would  mean,  perhaps,  replacing  the  phosphor  bronze  bush  by 
one  of  slightly  smaller  inside  diameter.  This  is  a  simple  pro- 
cess and  one  that  is  very  easy.  As,  however,  much  has  been 
said  lately  as  to  the  need  of  some  method  of  regulating  the 
position  of  the*  centre  of  the  cylinder  shaft  concentrically  with 
the  flats,  both  on  account  of  the  downward  wear  of  the  bear- 
ings and  also  of  the  side  pull  caused  by  the  driving  strap,  I 
will  show  very  plainly  that  this  matter  has  by  no  means 
escaped  attention. 

In  diagram  No.  8  you  will  see  the  method  by  which  abso- 
lute mathematical  accuracy  may  be  obtained.  The  phosphor 
bronze  bearing  a,  usually  supplied,  is  placed  in  an  eccentric  b 
which,  in  its  turn,  reposes  in  an  eccentric  c.  Both  these  eccen- 
trics and  the  bush  are  contained  in  the  cylindrical  hole  in  the 
bend  pedestal.  This  hole  is  the  centre  from  which  all  turning 
and  adjusting  is  executed.  On  the  pedestal  is  a  rim  or  boss  d, 
turned  most  accurately  at  the  same  time  as  the  rest  of  the  bend 
framing.     The  bush  is  set  originally  in  the  centre  of  the  ped< 


MNCIPLES  OF  CARDING  COT 
RD  WIRE  &  CARDING  ENCI 
►EN:  ALF:  DOBSON  —  BOLT 


»!" 


fl-:- 


61 

tal  hole.  Both  the  eccentrics  have  an  car,  in  which  is  fixed  a 
stud  ec;  links  jQ^  connect  these  studs  with  other  eye-bolts  ^/jr, 
swivelling  in  the  lower  part  of  the  pedestal,  and  supplied  with 
lock  nut^  hh^  fitted  on  a  screwed  part  of  the  links.  Now,  it 
will  be  evident  that  if  the  ec<;entrics  (which  have  each  the 
same  throw)  are  moved  round  by  turning  the  nuts,  the  centre 
of  the  interior  bush  will  be  displaced  by  moving  round  the 
centre  of  the  eccentric  that  has  been  turned.  If  both  eccentrics 
are  turned  through  the  same  angular  space,  the  motion  of  the 
interior  bush  and  cylinder  centre  will  be  a  straight  line  up  or 
down.  If  one  eccentric  be  moved  more  than  the  other  the 
cylinder  centre  will  l)e  displaced  laterally,  and  thus  allow  any 
adjustment  for  side  wear.  The  interior  bush  is  flanged,  and 
has  at  one  part  a  slot;  and  a  stud  screwed  into  the  pedestal, 
through  this  slot,  prevents  any  lengthway  or  circular  displace- 
ments. The  eccentrics  are  kept  in  place  by  the  shoulder  on 
the  cylinder  shaft  and  the  flange  of  the  interior  bush.  All 
these  parts  are  made  to  template  gauges,  and  have  no  play  al- 
lowed, and  when  once  regulated  are  fastened  and  fixed  rigidly  by 
the  lock  nuts  being  tightened.  As  the  proceeding  of  regulating 
the  cylinder  bearing  occurs  so  very  rarely  there  is  no  wear  and 
tear,  and  the  screws,  nuts  and  bushes  should  last  as  long  as  the 
mill  foundations.  The  bush  can,  of  course,  be  replaced  in  a 
few  minutes  when  requisite. 

For  the  original  regulation  of  the  cylinder  centre  we  have  a 
tester  gauge  Z,  which  fits  exactly  on  the  cylinder  shaft  A-,  and  is 
turned  out  to  fit  the  boss  d.  All  this  is  done  to  Whitworth's 
gauges.  This  tester  is  passed  on  to  the  shaft,  and  if  it  will 
also  pass  on  to  the  boss  the  cylinder  centre  is  concentric  with 
the  turned  bend.  Should  the  tester  not  pass  on  freely  the  nuts 
will  require  turning,  and  the  spaces  in  the  flange  of  the  tester 
will  show  how  much  and  where  this  must  be  done.  The  whole 
adjustment  is  covered  by  a  hinged  box,  fastened  with  a  lock, 
and  the  same  key  as  the  flexible  adjustments.  For  the  pur- 
pose of  regulation  in  the  mill,  when  the  card  has  been  working, 
we  provide  a  tester   which  can  be  placed  on  the  shaft  between 
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the  boss  d  and  the  pulleys ;  and  as  it  fits  only  half  roand  the 
shaft  it  can  be  placed  in  position  without  the  need  of  removing 
the  pulleys.  With  ordinary  care  this  tester  is  as  good  as  the 
first-named,  and  a  regulation  to  the  one  one-thousandth  of  an 
inch  is  not  only  practicable  but  easy.  I  may  here  say  that  my 
firm  does  not  attempt  to  regulate  the  flexible  bend  until  the 
cylinder  has  run  in  its  bearings  at  200  revolutions  per  minute 
for  two  days,  which  allows  the  shaft  to  bed  definitely. 

Of  course  as  the  adjustment  made  does  not  vary  in  any  way 
the  position  of  the  cylinder  bearing,  relatively  to  the  cause  of 
wear,  the  adjustment  remains  correct.  I  believe  that  this  is 
the  only  method  of  regulating  the  position  of  the  cylinder 
centre  permitting  upward,  downward  and  lateral  adjustment 
with  an  absolutely  certain  test  of  accuracy.  It  adds  some- 
what to  the  cost  of  the  machine,  and  is  only  applied  when 
requested.  It  allows  of  a  displacement  of  the  centre  ^  of  an 
inch  vertically  and  ^  of  an  inch  laterally.  It  can  be  applied 
to  all  cards  constructed  on  the  "  Simplex"  principle.  Given 
the  cylinder  permanently  in  centre,  we  now  come  to  the  metibod 
of  setting  the  flats,  which  is  one  of  the  principal  patents  in  the 
*«  Simplex"  carding  engine. 

The  setting  of  the  flats  is  done  in  the  following  manner :  — 
The  flexible  bend  rf,  which  has  been  very  considerably 
strengthened,  is  supported  on  five  points  by  steel  case-hardened 
pins  e,  is  held  between  brackets  /  turned  on  the  inside,  and 
the  turned  face  of  the  bend  g,  so  that  the  flexible  bend  is  held 
between  two  turned  surfaces,  and  there  can  be  no  vibration 
laterally.  The  portion  of  the  flexible  immediately  over  the 
doflfer  is  held  by  a  short  link  /i,  which  is  free  to  swivel  on  its 
centre  i,  and  the  three  intermediate  setting  points  are  brackets 
rf,  having  on  them  a  curve  which  theoretically  and  actually 
represents  the  travel  of  a  point  upon  the  flexible  bend,  traced 
by  its  motion  longitudinally  and  radically.  Diagram  No.  3 
shows  the  principle  upon  which  the  curves  are  worked  out. 
The  three  concentric  red  lines  show  the  extreme  of  travel  of 
the  flexible  bend,  presuming  that,  instead  of  simply  setting 
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down  the  distance  required  for  the  concentricity  of  the 
flats,  the  small  lever  h  worked  to  the  development  of  a  full 
circle.  The  circle  on  the  right  hand  a,  and  the  various  de- 
formations of  this  circle  in  6,  c,  d  and  e,  show  the  travel  of 
the  five  setting  points,  staii;ing  with  the  lever  A,  set  radially 
to  the  centre  of  the  cylinder.  These  curves  are  cut  by  a  mill- 
ing machine  with  a  copying  apparatus,  the  copy  being  three 
times  the  size  of  the  finished  work,  thereby  reducing  the 
elements  of  error.  At  the  side  over  the  licker-in  are  the  real 
setting  points.  There  is  a  finely  cut  rack  /  in  phosphor 
bronze  inserted  into  the  end  of  the  flexible,  into  which  works 
a  steel  wheel  m,  on  the  end  of  which  is  a  wheel  n  of  160 
teeth,  fine  pitch ;  a  worm  o  working  into  this  has  on  the  end 
of  its  shaft  a  square  p  for  a  key.  The  index  wheel  n  is 
marked  with  engraved  explanations  showing  the  amount  of 
setting  that  has  taken  place.  The  dial  is  marked  in  fiftieths  of 
an  inch,  and  each  fiftieth  of  an  inch  will  represent  3omewhere 
about  the  two-thousandth  part  of  an  inch  downward  movement 
of  the  flats.  The  end  of  the  shaft  is  fastened  by  a  lock  and 
key,  and  as  it  is  at  the  end  of  the  card  immediately  over  the 
licker-in,  there  would  in  no  case  be  any  difficulty  in  obtaining 
sufficient  access  to  set.  The  setting  apparatus  is  on  either  side 
of  the  card.  This  apparatus  has  proved  thoroughly  reliable, 
and  both  practically  and  theoretically  correct ;  in  no  case  has  a 
variation  of  more  than  a  five-hundredth  part  of  an  inch^been 
found  to  exist,  and  this  has  of  course  been  corrected.  It  will 
be  seen  on  referring  to  the  diagram  in  the  left  corner  of  No.' 2 
that  the  flange  of  the  cylinder  works  very  close  to  the  turned 
flange  of  the  bend,  and  that  between  the  edge  of  the  wire  and 
the  flexible  itself  there  is  only  the  thickness  of  the  bend.  This 
enables  us  to  clothe  the  cylinder  and  doflfer  right  up  to  the 
edge  of  the  flanges,  and  permits  of  our  carding  a  lap  somewhat 
wider  than  the  card  itself.  We  prefer  laps  one-half  inch  wider 
than  the  width  of  the  cylinder,  and  we  can  guarantee  absolutely 
perfect  selvages  on  both  sides  of  the  card  without  any  blowing 
or  dropping  of  loose  fibre.     It  will  be  observed  that  there  are 
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no  flanged  discs  on  either  cylinder  or  doffer  to  interfere  with 
the  grinding,  nor  is  there  anything  exceptional  or  abnormal  in 
our  system  of  gi-inding. 

Now,  I  will  at  once  proceed  to  say  that  the  only  importance 
to  be  attached  to  this  method  of  setting  is  the  fact  that  abso- 
lute accuracy  can  be  obtained,  that  it  is  simpler,  and  only  one 
setting  at  each  side  is  required,  and  that  it  will  be  quite  prac- 
ticable for  a  manager  of  a  large  mill  to  set  the  whole  of  his 
cards  in  a  very  short  space  of  time,  and  having  possession  of 
the  key  himself  would  know  that  by  no  means  could  meddling 
workmen  alter  the  setting.  Some  considerable  time  ago  my 
firm  took  out  a  patent  for  an  improved  cover  between  doffer 
and  cylinder,  and  this  improvement  was  forced  upon  them  by 
the  continual  complaints  of  cotton  spinners  that  cotton  fly 
would  collect  in  the  interstices  of  the  cover  or  covers,  and  that 
when  of  a  suflicient  volume  would  be  caught  by  the  cylinder 
or  doffer  and  come  out  in  the  **  web  "or  **  fleece  "  in  the  front, 
from  time  to  time,  in  the  shape  of  thick,  cloudy  places.  This 
defect  in  the  card  has  been  absolutely  cured  once  for  all  by  the 
adoption  of  this  patent  cover.  In  diagram  No.  4  this  patent 
cover  is  very  clearly  shown.  This  cover  is  of  steel  in  three 
parts, —  one  a,  the  portion  that  descends  between  the  doffer  and 
the  cylinder,  is  planed  and  polished  so  as  to  afford  no  chance  of 
cotton  catching  and  forming  **cat  tails.**  It  is  hollow  in  the 
inside,  to  form  a  box  to  allow  the  strippings  from  the  flats  to 
fall  into  it.  There  is  a  steel  cover  b  hinged  to  this  box  in 
such  a  manner  that  there  is  no  joint  visible  or  perceptible  next 
to  the  cylinder  on  the  inside,  and  it  has  also  a  cover/ hinged 
to  it  in  the  front  to  cover  it  to  the  centre  of  the  doffer.  This 
whole  cover  is  carried  upon  two  plates  c,  which  are  turned  and 
which  are  carried  in  their  turn  on  the  noses  f/  of  the  bend. 
These  noses  are  turned  also  to  the  radius  of  the  outside  cylin- 
der bends,  and  are  provided  with  horizontal  slots  h  and  drag 
screws  rf,  so  that  the  whole  cover  can  he  set  to  the  greatest 
nicety  to  the  wire  of  the  cylinder  and  doffer.  The  steel  cover 
spoken  of  just  now  shuts  down  upon  what  is  known  as  the 
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firont  flat  knife  e,  a  piece  of  steel  fixed  to  a  plate  of  cast-iron 
and  planed  to  a  sharp  knife  edge ;  the  object  of  this  plate,  as 
is  well  known,  being  to  avoid  blowing  out  and  to  regulate  the 
amount  of  waste  made ;  the  joint  is  closed  by  an  inserted  strip 
of  steel. 

The  grinding  fixings  are  also  an  improvement,  which  aUows 
the  '*  Simplex"  to  get  as  many  flats  on  a  straight  framing  as 
can  be  got  by  other  cards  on  what  is  termed  a  '*set  down" 
framing.  Thus,  on  this  card  as  spoken  of  there  are  110  flats 
on  a  straight  framing,  neither  doffer  nor  licker-in  being  set 
down ;  the  consequence  of  this  is  a  very  important  improve- 
ment in  the  quality  of  the  work,  owing  to  the  extra  number  of 
flats  at  w^ork,  and  the  fact  of  the  cylinder,  doffer  and  licker-in 
being  on  the  same  level  framing.  For  instance,  in  order  to 
grind  or  strip  this  card  the  following  would  be  done :  The 
cylinder  grinding  fixings  a  sUde  in  planed  sides  6,  and  are 
fixed  originally  to  a  certain  height  radially  to  the  centre  of  the 
cylinder  shaft,  in  such  a  way  that  there  is  no  room  for  varia- 
tion subsequently.  When  these  slides  are  on  their  bottom  bed 
the  two  bearings  c  for  the  grinding  roller  are  precisely  level 
and  parallel  horizontally  with  the  cylinder  shaft.  When  the 
grinding  roller  d  is  put  in  it  can  be  set  on  either  side,  in  or 
out,  as  may  be  necessaiy,  but  such  a  thing  as  getting  the 
grinding  roller  cross-wound  is  absolutely  impossible.  This  is 
in  itself  a  security  for  better  grinding,  and  inasmuch  as  this 
grinding  takes  place  almost  over  the  extreme  lateral  point  of 
the  circumference  of  the  cylinder,  any  vibration  or  variation 
will  be  up  or  down  rather  than  sideways,  and  therefore  will  not 
aflect  the  correctness  of  the  grinding  to  the  same  degree  as  if 
the  grinding  roller  were  higher  up.  The  **  Simplex  "  has  also 
other  excellent  grinding  arrangements.  With  the  doflfer  grind- 
ing similar  dispositions  are  taken,  and  the  grinding  fixings  e 
are  planed  from  the  bearing  /of  the  doflfer,  and  being  cast  in 
one  piece  with  it  variation  is  impossible.  In  grinding  the 
cylinder  it  is  only  necessary  to  turn  down  the  hinged  portion 
of  the  front  cover  b  in  diagram  No.  4,  jr  in  No.  5,  then  the 
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framing  allows  the  grinding  roller  to  traverse  over,  and  after 
grinding,  to  brush  out ;  it  is  only  necessary  to  lift  the  slide 
blocks  on  cither  side  of  the  card  by  a  handle  /i,  provided  for 
this  purix)8C,  up  to  the  top  stop,  and  then  the  supports  are  in 
their  exact  position,  and  the  stripping-out  brush  can  be  set  in 
or  out.     This  permits  us  the  use  of  any  diameter  of  stripping 
))rush  or  grinding  roller  independent  one  of  the  other,  and  also 
the  use  of  either  wire  or  bristled  brush  as  may  Ik?  considered 
desiniblc,  and  as  will  be  seen  this  apparatus  only  requires  the 
room  gon(»rally  taken  up  by  one  fixing.     The  oi>ening  caused 
by  tlu!  turning  down  in  this  cover  is  also  sufficient  for  stripping 
purposes,  and  when  it  is  requisite  to  set  the  doffer  to  the  cylin- 
der all  that   is  necessary  is  to  swing  the  cover  back  u{)on  its 
two  suppoiling  plates    until    the  catch  /  on  each    side  drops 
into  a  groove  tn^  and   then  the  cover  is  safely  retained  while 
setting  j)rocceds.     When  the  doffer  is  thoroughly  set  all  that 
is  neeessiiry  is  to  lift  the  catches  on  either  hand  and  allow  the 
\)\\\W.  to  sli(l(»  (juietly  down  to  its  bearings ;  this  can  be  done 
by    one  num.     One  effect  of  this  particular   arrangement  of 
covers  has  l)eeii  that  draughts  in  the  inside  of  the  card  have  been 
avoided  to  such  an  extent  that  it  is  now  possible  to  card  a  lap 
tln^   full   width  of  the  cylinder  wire.     It  will  be  noticed  that 
there  is  no  wood  employed  in  the  construction  of  the  interior 
of  tlli^  <  ard  whatever,  the  linings,  or  sweeps  as  they  are  called, 
siuToundiiig  the  eyiinder  are  parts  of  the  bends,  and  turned  in 
the  Ijitln'  at  the  same  time, —  in  fact,  the  whole  interior  of  the 
eanl  is   jilaned  or  j)()lished.     What  I  contend  is  the  advantage 
of  a  eanl  eonst  meted  on  the  j)rincij)les  such  as  I  have  described, 
is,  that   it   is  not  <h'j)endent  upon  any  particular  class  of  wire, 
and  <an  \)i\  set   as    practically  and    as  advantageously  for  the 
ordinary  iron  wire  as  for  hardened  and  tempered  and  needle- 
|)ointed. 

1'his  card  is  made  with  110  flats,  of  which  44  are  constantly 
at  work.  The;  width  of  wire  is  1  inch  of  net  wire  (see  diagram 
No.  7,  which  shows  the  old  system  of  rivets  and  the  wide  flat  2 
inches,  the  n(jw  system  of  rivets  with  1  width  of  flats  and  the 
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"  wire-sewn  "  flat  also  with  1  inch  width  of  wire).  It  is  possi- 
ble in  both  the  cases  of  the  rivet  and  the  sewn  wire  to  get  a  little 
more  width  than  this  1  inch,  but  we  do  not  consider  it  advisa- 
ble, as  it  pinches  the  room  for  doing  the  work  of  riveting  with 
sufficient  care  of  either  the  rivets  or  fixing  the  sewn  wire,  and 
we  are  also  of  opinion  that  it  is  advisable  to  have  a  certain 
space  between  the  wire  and  one  flat  and  another.  The  fact  is, 
that  we  have  not  found  it  desirable  to  reduce  the  space  between 
the  flats  any  more  than  has  been  done  in  the  examples  shown. 
I  maintain  that  the  flat  with  the  rivets  is  stronger  and  less  lia- 
ble to  deflection  than  the  wire-sewn  flat,  for  this  reason :  that 
the  exterior  edges  of  the  flat  with  the  rivets  are  left  intact, 
whereas  in  the  wire-sewn  flat  they  are  nicked  at  each  end  of  the 
wire  staples.  This  nicking  or  cutting  of  the  edge  weakens  the 
resisting  power  of  the  flat  in  both  directions,  laterally  and 
vertically,  very  considerably.  Of  course  it  is  well  known  that 
the  strongest  portion  of  a  casting  is  that  adjoining  the  out- 
side skin  in  the  casting.  As  a  practical  result  the  wire  when 
put  on  by  the  rivets  is  more  exactly  in  the  centre  of  the  flat 
and  is  held  more  firmly  and  more  evenly  stretched  than  it  is 
\?ith  the  wire-sewn  flats. 

This  table  will  show  the  different  deflections  of  the  several 
sizes  of  flats,  indicated  when  in  a  vertical  position  X  for 
carding,  on  their  side  h,  or  when  face  upwards  T  for  grinding, 
with  and  without  clothing,  and  whether  clothed  with  rivets  or 
wire-sewn :  — 
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With  regard  to  the  patent  doffing  comb  motion :  Referring 
to  the  illustrations,  Fig.  1  is  an  elevation,  Fig.  2  a  sectional 
elevation.  Figs.  3  and  3a  other  sectional  elevations  at  right 
angles  to  Fig.  2  and  Fig.  4,  a  plan  with  the  lid  removed.     The 
apparatus  is  driven  by  a  band  on  the  pulley  on  the  spindle 
marked  a.     As  in  Figs.  2  and   3  there  is  turned  solid   with 
this  spindle  a  small  eccentric  which  is  enclosed  in  another  ec- 
centric, or  rather  this  large  eccentric  is  the  strap  of  the  smaller 
one.     The  shaft  c  is  the  comb  shaft  which  it  is  required  to 
vibrate ;  it   is  fastened  to  it  by  the  set  screw  of  the  larger 
eccentric.     The  centres  of  the  spindle  a  and  the  comb  shaft  c 
are  of  course  stationary,  and  as  the  spindle  a  revolves  continu- 
ously, the  eccentric  that  revolves  with   it   must  vibrate   the 
large  strap  and  therefore  the  comb  shaft.     The  larger  eccentric 
does  not  revolve  in  its  strap,  but  simply  works  backwards  and 
forwards  through  a  small  arc.     A  very  great  advantage  at- 
tached to  this  motion  is,  as  will  be  seen,  that  the  work  in 
manufacturing  it  can  all  be  done  with  the  lathe  and  milling 
machine,  there   being  no  hand-fitting  required,  and  therefore 
interchangeability  is  very  easily  obtained.     The  lubrication  of 
these  motions,  in  view  of  the  great  speed  at  which  they  run, 
and  the  severity  of  the  work  they  have  to  perform,  is  a  very 
important  point,  and  much  attention  has  been  given  to  it  in 
the  motion  illustrated.      The  eccentric  work  submerged  in  oil 
is  shown  in  Figs.  2  and  3,  and  with  the  rapid  oscillation  ot  the 
strap  or  lever  c  the  oil  is  projected  all  over  the  internal  cavity 
of  the  motion,  loss  being  avoided  by  a  cap  which  is  screwed  on 
the  top.     The  oil  then  enters  the  dark  groove  shown  in  the 
plan  Fig.  4,  and  which  is  on  a  level  with  the  centre  line  of  the 
comb  shaft,  which  it  thoroughly  lubricates,  and  then  falls  into 
the  reservoir  below.     Much  the  same  mode  is  provided  for  the 
oiling  of  the  eccentric  spindle  a;  none  of  the  oil  can  escape 
along  the  spindle,  it  being  trapped  by  the  groove  shown  in  the 
bush.     The  escape  of  oil  round  the  bush  itself  is  prevented  by 
a  ring  of  asbestos  kept  in  its  place  by  a  screwed  gland.     The 
oil  is  admitted  by  the  box  6,  which  is  covered  with  a  lid,  and 
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as  long  as  the  oil  does  not  overflow  this  box  it  will  be  the 
right  level  for  working  and  lubricating  the  eccentrics.  For  the 
purpose  of  cleaning  this  box  there  is  a  tap  screw  d,  which  can 
be  unscrewed  for  the  purpose  of  letting  out  the  dirty  oil  from 
the  lowest  level.  A  great  merit  of  this  appliance  will  be  at 
once  recognized  by  those  present.  It  has  no  parts  projecting 
from  the  inside  or  from  the  doffer  side  of  the  motion.  It  is 
therefore  much  easier  to  keep  clean  than  those  motions  in 
which  it  is  necessary  to  have  projections.  Fly  and  dirt  tend 
to  accumulate  in  the  recesses  between  them,  and  sometimes 
enter  with  the  web,  which,  of  course,  is  not  a  desirable  con- 
tingency. The  Simplex  card,  as  compared  with  ordinary  cards, 
will  easily  produce  ten  per  cent,  more  work  than  any  ordinary 
card,  on  account  of  the  possibility  of  working  the  whole  width 
of  wire,  that  is  to  say,  41  as  against  38  inches.  On  the  other 
hand  there  is  a  clear  ten  per  cent,  in  quality  of  carding  gained 
by  the  extra  number  of  flats,  as  there  are  44  flats  always  fully 
at  work. 

A  complete  geometrical  drawing  of  this  card  is  also  shown, 
from  which  any  details  that  I  have  not  mentioned  can  be  seen, 
but  as  many  of  the  other  details  are  of  course  common  to  all 
carding  engines  I  do  not  consider  it  necessary  to  take  up  your 
time  by  a  description  of  them. 

I  now  give  you  the  results  of  a  microscopic  examination  of 
25  samples  of  card  clothing,  together  with  diagrams  represent- 
ing side  and  front  views  of  the  teeth,  and  longitudinal  and 
transverse  sections  of  foundations  enlarged  64  diameters  (No. 
25  enlarged  32  diameters)  and  point  of  each  about  420  diame- 
ters. Plan  of  points  of  teeth  in  samples  9a,  21a,  and  23a,  en- 
larged 96  diameters. 

1.  Hardened  and  tempered  steel  round  wire;  sides  ground 
flat,  from  |  of  an  inch  to  the  bend.  The  surfaces  of  the  ground 
sides  are  covered  with  deep  striae,  and  on  the  front  margin  the 
grinding  has  left  irregular  sized  lumps  of  steel  hanging  over, 
giving  the  front  a  serrated  aspect.  Such  a  rough  surface  can- 
not help  being  injurious  to  the   delicate  waxy  cell  walls  of 
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cotton  fibres.  Some  of  the  points  are  ground  so  thin  as  to  be 
nothing  more  than  a  film,  while  a  few  are  ground  off  l)elow  the 
level.  Points  very  slightly  beaked  at  the  front,  and  a  few 
strife  on  the  surface  of  the  end.  Cloth  composed  of  an  upper 
and  lower  layer  of  cotton  with  a  thicker  layer  of  woollen  be- 
tween. 

2.  Hardened  and  tempered  steel,  needle-pointed,  tinned, 
plain  set.  Round  wire ;  sides  slightly  ground  off  the  end  to 
about  J  or  ^  of  an  inch  towards  the  bend,  with  grinding  striated. 
The  surface  round  the  point  seems  as  if  it  had  been  rubbed, 
leaving  it  more  or  less  covered  with  small  marks.  The  points 
slightly  beaked,  and  has  striae  across  from  back  to  front. 
Cloth  composed  as  in  No.  1. 

3.  Hardened  and  tempered  steel,  needle-pointed,  twill  set. 
The  grinding  and  characteristics  of  wire  and  cloth  very  similar 
to  No.  2,  except  that  the  points  are  ground  a  little  flatter. 

4.  Hardened  and  tempered  steel,  plain  set.  Wire  and  cloth 
very  similar  to  No.  2,  only  the  side  grinding  shows  greater  striae. 

5.  Hardened  and  tempered  steel,  twill  set.  The  wire  nearly 
a  right-angled  triangle,  the  back  being  slightly  convex.  Point 
beaked,  surface  of  point  striated.  The  points  are  regular  in 
shape  and  evenly  distributed  in  space ;  in  this  respect  more  so 
than  in* the  preceding  samples.     Clothing  as  in  No.  1. 

6.  Hardened  and  tempered  steel,  round  wire,  twill  set,  No. 
130s  (old  sample,  6  years).  The  wire  is  blotched  with 
erosion,  particularly  in  the  space  between  the  bend  and  point. 
The  wire  seems  to  have  been  soft,  and  the  effect  of  frequent 
grinding  of  the  points  has  produced  many  curiously  shaped 
bits  of  overhanging  wire  from  the  points,  one  of  which  is  fig- 
ured in  the  left  hand  of  diagram.  The  front  view  also  gives  a 
good  image  of  the  way  in  which  the  grinding  has  drawn  over 
the  wire  upon  the  front  surface.  The  teeth  present  a  decid- 
edly longer  beak  at  the  points  than  any  previous  samples. 
Bits  of  "  fly  "  were  found  attached  to  most  of  the  teeth. 

Cloth.     A  layer  of  rubber  on  the  upper  surface,  cemented 
to  layers  of  cotton  beneath,  the  inner  of  which  is  thickest. 
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7.  Patent  wire.  Round  wire  flatted  nearly  to  an  angle;  (Im 
flattened  sides  are  perfectl}'  parallel,  and  give  to  the  point 
almost  an  oblong  square  aspect.  Teeth  very  regularly  set  in 
the  plane  of  the  flatted  sides.  Rubber  and  cotton  (three-ply) 
equal  thickness. 

8.  Hardened  and  tempered,  needle-pointed.  Round  wire 
ground  from  }  to  |  down  the  side,  stride  very  distinct ;  mar- 
gins of  the  front  of  ground  portion  slightly  drawn  beyond  the 
ground  side  and  serrated.     Point  beaked. 

9.  This  is  a  diagram  of  "mild  steel**  wire.  Plain  round 
wire,  fine  and  bright.  The  point  shows  the  usual  indent  made 
by  the  cutter  of  the  setting  machine.  Cut  at  right  angles. 
Teeth  very  regular  and  equal  in  interspaces.  Length  of  teeth 
^1  of  an  inch,  from  base  to  bend  -^  of  an  inch  and  from  bend 
to  point  ^7  of  an  inch. 

Cloth.  Rubber  above,  rather  thicker  than  Nos.  20,  22,  28 
and  24,  and  three-ply  cotton  below,  containing  a  greater 
amount  of  cement. 

9a.  A  plan  of  points  of  No.  9,  ^^  of  an  inch  diameter,  showing 
how  regular  they  are  set,  the  slight  deviation  from  the  straight 
line  of  arrangement  being  common  to  aU  samples. 

10.  Hardened  and  tempered  steel.  Plain  round  wire,  end 
cut  off  as  in  No.  8,  but  point  shows  slight  stria  in  the  line  of 
cutter. 

Cloth  same  as  in  No.  8. 

11.  Patent  rolled  angular  wire,  hardened  and  tempered. 
Angular  wire  concave  at  the  back ;  the  front  angle  more  ob- 
tuse than  in  No.  5.  Very  regular  in  form  and  grinding  of 
the  points.     Small  beak  tip. 

Cloth.     Rubber  above,  layers  of  cotton  below. 

12.  Hardened  and  tempered  needle-point.  Round  fine  wire ; 
ground  needle  points  with  acute  tapering  end.  Ground  about 
J  of  the  way  towards  the  angle. 

Cloth  same  as  No.  8. 

13.  Hardened  and  tempered.  Round  wire,  with  sides  as  if 
they  had  been  flattened  |  of  the  distance  to  the  angle  by  pros* 
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snre  in  passing  through  the  maker's  machine;   the  flattened 
surface  slightly  farrowed. 

Cloth  very  similar  to  No.  8,  but  more  compressed  and 
greater  amount  of  cement. 

14.  Hardened  and  tempered  plated  wire.  Round  wire, 
flattened  nearly  to  angle  point,  seems  as  if  rubbed  like  needle- 
pointed,  and  very  regularly  finished.     Cloth  same  as  No.  8. 

15.  Tinned  steel.  Round  plain  fine  wire.  Ends  cut  at 
right  angles.  Rubber  thicker  than  usual  and  not  so  evenly 
cut,  the  texture  of  cotton  clothing  being  somewhat  different. 

16.  Hardened  and  tempered,  needle-pointed.  Round  wire, 
side  ground,  with  striations  on  the  ground  surface,  and  front 
margin  left  with  little  masses  drawn  over  upon  the  fix)nt  of  the 
wire.  Point  peaked,  and  regular  in  size  and  shape.  Cloth 
same  as  No.  13. 

17.  Hardened  and  tempered.  Plain  round  wire,  bluer  in 
color,  points  cut  at  right  angles,  with  a  depression  on  the  side 
from  which  it  was  cut.  Rubber  above,  very  even,  and  cotton 
cloth,  well  cemented  together.  Teeth  rather  wide  between  the 
prongs. 

18.  Round  mild  steel  No.  130s.  Plain  round  fine  wire; 
lia  *.ter  measured  0.0077  inches,  with  ends  cut  at  right 
"  *c>.  Proportion  of  length  above  the  angle  longer  than 
liji.a!  One  of  each  pair  of  teeth  is  slightly  bent  outwards 
.  T  tli«.i  point.  At  first  I  thought  it  due  to  accident  after  the 
'4  \,  '^ruB  made,  because  I  had  drawn  specimens  for  examina- 
ii«>  i*.  om  the  side  of  the  card.  To  settle  the  doubt  I  examined 
severul  teeth  from  the  middle  of  the  fillet,  and  found  them  to 
U  malfonued  in  the  same  way.  I  concluded  that  it  had  been 
jan^ed  by  the  cutter  which  holds  the  wire  as  it  passes  through 
tie  machine.  Rubber  and  cloth  (cotton)  even  and  com- 
fiavi. 

Round  mild  steel  No.  1208.  Plain  round  wire  with 
€:«'!  3Ut  at  right  angles ;  upper  part  of  the  angle  long.  Rubber 
y-i)  e  and  layers  of  cotton  below,  the  inner  layer  being  the 
th?  kest. 
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20.  Hardened  and  tempered  steel  surface  gronnd. 
wire  ;  grinding  of  point  has  not  produced  bo  mudi  over-hang^ 
ing  roughness  as  in  Nos.  23  und  24.  Teet^  scarcely  so  regn- 
larly  set  us  in  Nos.  21,  23  and  24.  Length  of  teeth  y  of  an 
inch,  from  base  to  bend  \l  of  an  inch,  and  from  bend  to  point 
^^  of  uii  inch.  Width  of  prong  ^  of  an  inch.  Angle  of  tooth 
from  foundation  14°  ;  from  bend  to  point  17.5°.  Cloth-rubber 
above,  four-ply  cotton  below,  well  cemented  together. 

21.  Plardcned  and  tempered  steel,  needle-points.  Bound 
wire  bright,  side  ground  half-way  down  to  bend,  giving  the 
point  somewhat  of  u  chisel  shape.  Ground  surface  striated, 
and  on  front  side  of  gi-indiug,  slightly  overiiung  with  particles 
of  steel  drawn  forward,  but  are  not  near  ao  much  so  ae  in  some 
of  the  previous  samples  of  side  ground.  Teeth  very  regular 
fhapc  and  arrangement.  Length  y  of  an  inch  ;  &om  basa 
bend  ^^  of  an  inch,  and  frem  l>end  to  point  -^  of  an 
Width  of  prong  ^  of  an  inch.  Teeth  set  in  fbundatioQ  at^j 
angle  of  15°,  and  from  bend  forward  to  point  17^.  Cli 
cotton  above  and  below,  nith  layer  of  woollen  between, 
cemented  together. 

21«.  A  plan  of  jmints  of  teeth  of  No.  21,  as  seen  in  tbe 
"  field"  of  the  microscope,  -^g  of  an  inch  in  diameter,  showing; 
to  what  a  thin  edge  the  points  are  ground,  how  equal  in  size 
and  regular  in  space. 

22.  Hardened  and  tempered  steel.  Bound  wire,  sur&ce 
ground  even  and  bright ;  points  ground  nearly  at  right  angles ; 
ends  pretty  regularly  set.  Entire  length  of  teeth  |  of  an  inch ; 
from  liase  to  licnd  <^^^  of  an  inch ;  from  bend  to  point  JJ  of 
an  inch ;  width  of  prong  ^|  of  an  inch.  Set  in  cloth  at  ok 
angle  of  15°,  and  from  bend  forward  to  point  16.5°.  Cloth. 
longitudinal  section  of  rubber  on  upper  surface  rather  uaeven 
{owing  to  cutter),  lower  side  smooth.  Four-ply  cotton  below, 
well  compacted  together. 

23.  Hardened  and  tempered  steel,  i)at  to  bend.  Tbo  flatted 
surface  has  very  faint  fine  tines  across  the  wire  (not  BcratcJM. 
such   as   are   produced   by  grinding).     The  flattened 
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imiformly  runs  to  the  bend.  The  gi'inding  of  the  points  h^s 
left  the  front  and  side  edges  slightly  roughened  by  overhanging 
particles  of  steel.  Teeth  all  regular  in  size  and  setting.  En- 
tire length  of  teeth,  from  base  to  bend  |  of  an  inch ;  from  bend 
to  point  ^^  of  an  inch ;  width  of  prong  -^^  of  an  inch. 
Angle  at  which  base  of  teeth  is  set  in  foundation  16.5^  ;  angle 
from  bend  to  point  19°.     Cloth  very  similar  to  No.  22. 

23a.  A  plan  of  ^  of  an  inch  as  seen  under  a  low  power  of 
the  microscope.  The  points  are  very  regular  in  shape  and  dis- 
tributed in  space,  with  an  entire  absence  of  serrated  roughness, 
calculated  to  injure  the  delicate  waxiness  of  the  cell  walls  of 
the  cotton  fibre. 

24.  Hardened  and  tempered  steel,  angular  surface,  ground 
point.  The  wire  almost  a  perfect  triangle,  with  edges  blunt ; 
surface  of  the  wire  smooth  and  bright,  points  very  uniform  on 
the  surface,  regular  spaced  card  and  acute  points  all  in  forward 
direction.  Entire  length  of  teeth  |  of  an  inch ;  from  base  to 
bend  -^  of  an  ihch ;  and  from  bend  to  point  \^  of  an  inch ; 
width  of  prong  -^  of  an  inch.  Teeth  set  in  cloth  at  an  angle 
of  13.5°  and  from  bend  to  point  21.5°.    Cloth  similar  to  No.  28. 

24a.  Plan  of  points  of  hardened  and  tempered  angular 
steel  wire.  The  points  are  remarkably  uniformly  set  in  space. 
The  front  angle  of  the  wire  is  not  true  to  centre,  but  more  so 
than  the  two  other  samples  of  angular  wire  examined.  From 
the  fact  that  there  are  three  points  in  the  right-hand  and  then 
three  points  in  the  left-hand  direction,  in  regular  succession 
across  the  fillet,  it  may  be  the  bend  at  the  base  of  each  pair  of 
teeth  has  produced  a  divergence  at  the  time  of  setting. 

25.  Stripping  out  fillet  from  main  cylinder  and  dofier 
(scale  32  times).  Very  fine  plain  round  wire,  disproportion- 
ately long,  compared  with  other  diagrams,  from  the  base  to  bend. 
Teeth  set  diagonally  on  the  cloth,  which  explains  the  points 
being  represented  as  gi*ound  in  a  side  direction  in  diagram. 
Length  of  teeth  ^|  of  an  inch ;  from  base  to  bend  ||  of  an 
inch ;  and  from  bend  to  point  J|  of  an  inch.  Width  of  prong 
at  the   base  \^  of  an  inch;   at  bend   W  of  an   inch.     The 
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angle  at  which  the  teeth  are  set  in  the  cloth  is  variable,  from 
6°  to  8°,  and  from  bend  to  point  15°.  The  points  are  very 
irregular  in  space  and  also  in  the  grinding.  The  latter  is 
shown  in  diagram. 

Cloth  composed  of  rubber  above  and  two-ply  of  cotton 
beneath,  the  whole  only  about  three-fourths  the  thickness  of 
other  rubber  clothing. 

These  diagi*ams  have  been  carefully  made  from  specimens  of 
card  wire  obtained  from  nearly  all  the  principal  makers,  and 
have  been  observed  by  a  microscope  up  to  420  diameters. 
Having  been  very  carefully  done  I  believe  they  may  be  con- 
sidered to  give  a  very  fair  idea  of  the  exact  condition  of  the 
wires  and  foundation. 

The  inevitable  conclusion  that  will  be  drawn  ftt)m  a  very 
careful  inspection  of  these  diagrams  is  that  in  all  side-ground 
wire  there  is  a  very  large  amount  of  surface  asperities,  capable 
of  injuring  the  delicate  wax  walls  of  the  fibres,  and  that  when 
these  are  removed,  by  either  flattened  wire  or  polishing  the 
side-ground  wire,  a  very  considerable  loss  of  carding  power  is 
sustained.  The  diameter  of  round  wire  is  ytMir  ^^  ^^  inch. 
When  ground  on  the  card  an  ellipse  is  formed  with  its  axis, 
equal  to  . 0105 X. 01050504.     Dimensions  of  side-ground  wire 

iHtj  X  T AiF  of  an  inch. 

Proportions  of  wire  to  surface,  per  square  inch :  — 

Round  wire  ^  of  a  square  inch  is  occupied  by  the  upper 
surface  of  the  wire ;  side  ground  wire  ^  of  a  square  inch  is 
occupied  by  the  upper  surface  of  the  wire ;  half  circumference 
of  ellipse  .0164973  inches. 

Length  of  serration  of  wires  in  contact  with  cotton,  per 
square  inch :  — 

Round  wire  lOJ  inches ;  side-ground  wire  3|  inches. 

This  will  show  that,  as  soon  as  the  side-ground  wire  has  its 
asperities  removed  by  polishing,  the  holding-power  for  proper 
carding  purposes  is  reduced  very  considerably,  as  compared 
with  the  ordinary  wire. 

In  the  preparation  of  these  diagi*ams  and  the  whole  of  the 
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topic  enminatioD  T  have  been  assisted  liy  Mr.  W.  W. 
■idg«1ey,  the  caratur  of  the  Museum  in  Bolton,  who  is  a  very 
ble  and  enthndiaatio  microsuopist. 

DiAORAHS  OF  "Lap." 
S6.  A  diagram  representing  a  piece  of  hip  of 
it  enten  into  contact  with  the  curding  engine.  From 
le  top  to  tbe  nnall  arrow  it  shows  the  condition  in  which  the 
IcaviW  the  scutcher  snd  where  the  fibres  uit;  mixed  iu 
le  most  tangled  condition.  The  distance  from  tlic  urawW  iirrow 
iwnwards  shows  the  front  edge  as  it  is  afTectcd  by  contact 
'ith  the  tc9th  of  the  licker-iD.  The  fibres  near  the  upper 
bava  sSBumed  a  degree  of  panillelisni  with  the  ends 
iirftrds  the  engine,  and  aa  the  edge  thins  out  the  filircs  become 
regularly  parallel  as  can  be  expected  of  filaments  so  fine  in 
free  state  magnified  five  diameters.  Arrow  a  indicates  the 
irtioD  of  the  thinned  edge  figure  in  diagram  No.  27. 
Diagram  27.  A  diagi-am  magnified  30  diameters  of  the 
mai^D  of  lap,  showing  how  effectually  the  llcker-in 
itos  OD  tile  fibres  as  a  preparatory  stage  to  the  work  of  the 
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In  making  examinations  of  carding  it  is  necessary  to  con- 
sider the  quality  of  the   lap  presented  to  the   card.     If  the 
cotton  is  already  overworked,  rolled  and  strung,  or  corded, 
and  is  irregular  in  weight  and  thickness  from  yard  to  yard,  it  is 
useless  to  expect  clean  and  regular  carding.     In  Lancashire 
this  matter  has  received  very  great  attention  recently,  and 
many  mills  have  changed  their  comparatively  new  machinery 
for  newer  designs,  giving  certainty  of  cleaning  and  regularity. 
The  object  sought  has  been  the  very  praiseworthy  one  of  en- 
deavoring to  do  the  work  with  the  least  possible  injury  and 
&tigue  to  the  cotton  fibre,  and  to  operate  as  seldom  as  possi- 
ble consistent   with   good   results.     With  the    new   class   of 
machines  it  is  practicable  to  throw  the  cotton  from  the  bale  on 
to  the  lattice  feed   of  an  opening  machine  and  produce   laps 
which  will  not  vary  from  one  extreme  to  the  other  more  than 
one-half  a  pound  up  or  down.     The  cotton  should  be  a  regular 
fleece  with   no  curls,  or  cords,  or  lumps,  as  their  presence 
proves  that  the  machines  are  either  too  numerous  for  the  class 
of  cotton  or  are  badly  regulated.     In  much  of  what  precedes 
I  must  except  from  the  scope  of  my  remarks  Indian  cotton 
and  waste,  and  even   those  cases   where  American  cotton  is 
treated  like  Indian,  —  I  mean  where  quality  is  entirely  subject 
to  quantity. 

In  speaking  of  cardmg,  I  have  viewed,  frbm  the  stand-point 
of  practical,  every-day  working,  the  every-day  problem,  — how 
to  extract  the  greatest  value  in  yam  from  each  pound  of  bale 
cotton. 

Bourcart's  Patent  Improved  Combing  Machine. 

The  two  diagrams  of  combing  machines  show,  —  one  the 
ordinary  Heilmann  comber  and  the  other  the  same  altered  to 
Bourcart's  system.  The  reversing  motions  of  the  piecing 
roller  being  abolished  allows  of  an  increased  number  of 
piecings  per  minute,  and  the  extra  comb  segment  and  half-lap 
allow  of  the  extra  piecings  without  any  extra  speed  of  combs. 
I  may  say,  briefly,  that  taking  the  very  best  type  of  Heilmann 
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comber  producing  the  greatest  amount  practicable,  the  applica- 
tion of  this  improvement  will  increase  its  production  75  per 
cent.,  with  an  improvement  in  quality  of  combing.  We  have 
applied  this  on  some  old  machines  in  Lancashire  where  double 
combing  was  previously  required  for  Fiji  cotton,  and  where 
now  the  new  single  combing  suffices. 

In  machines  not  running  over  seventy  revolutions  per  min- 
ute we  can  just  double  the  out-turn.  This  is,  of  course,  a  great 
saving  in  all  the  items  of  cost  of  combing. 

Mr.  A.  G.  Cumnock.  I  would  like  to  ask  Mr.  Dobson  to 
tell  us  what  kind  of  picking  he  recommends,  the  number  of 
doublings  and  the  number  of  beaters  for  his  card. 

Mr.  Dobson.  I  am  somewhat  reluctant  to  take  upon  my- 
self the  direction.     I  know  what  I  should  do  myself. 

Mr.  Cumnock.     That  is  what  I  want  to  know. 

Mr.  Dobson.  [What  Mr.  Dobson  said  was  not  heard  by 
the  reporter.] 

The  President.  The  next  item  is  the  reading  of  a  paper 
by  Mr.  Ashworth  of  Manchester,  England,  on  **€abd 
Clothing,  and  Further  Developments  of  the  AfiHWOBiH 
Card." 

Mr.  Ashworth.  Gentlemen,  as  joint  author  of  the  hard- 
enod-steel  and  needle-pointed  clothing,  I  feel,  as  the  man  saya 
in  the  play,  *' fairly  in  it,"  but  don't  you  be  alarmed  by  the 
exhibition  of  all  these  diagrams.  They  won't  hurt  either  me 
or  you  ;  there  is  nothing  at  all  in  them.  [Laughter.]  Let  me 
thank  you,  before  I  begin,  for  granting  me  the  privilege  of 
again  addressing  you  upon  this  increasingly  important  ques- 
tion. Many  of  you  will  remember  that  I  read  a  paper  and 
spoke  upon  this  subject  before  you  last  year,  and  took  part  in 
the  subsc<]uent  discussion.  I  am  very  much  pleased,  indeed  I 
am  delighted,  to  be  here  to-day,  and  to  throw  whatever  light 
I  may  be  able  upon  a  question  which,  up  to  a  few  years  ago, 
was  a  resident  in  cloud-land  or  a  land  of  mystery  and  com- 
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paratiye  superstition.     I  jnst  said  that  I  was  glad  to  be  here, 
and  that  I  was  here  at  your  last  meeting.     Well,  yes ;  I  think 
I  am  here,  but  I  am  not  quite  sure.     I  think  I  am  here  in  the 
flesh,  that  is,  so  far  as  I  possess  that  article,  but  I  am  not  sure 
upon  that  point.     It  is  rather  funny,  you  know.     About  three 
weeks  after  the  last  meeting  a  report  went  abroad   to  our 
people  at  the  works,  —  and  it  made  them  very  anxious,  —  that 
Ash  worth  was  completely  '<  laid  out  and  smashed  up."    Well, 
naturally,  as  they  wanted  to  see  me  again,  you  know,**  they 
were  very  anxious  to  know  how  the  whole  thing  had  gone  on. 
I  suppose  it  must  be  that  I  am  a  conceited  fellow,  or  else  I 
am  very  thick-skinned,  but  I  didn't  feel  particularly  '<  smashed 
op,"  that  is  all.     And  as  I  came  last  year  partly  to  do  busi- 
ness, principally,  indeed,  to  do  business,  —  don't  make  any 
mistake,  I  am  not  a  philanthropist,  I  came  here  to  do  busi- 
ness,—  and    partly  to  improve  my  health,   because    I    had 
worked  very  hard,  I  think  it  comes  about  in  this  way  that, 
owing  to  the  healthfulness  of  your  climate,  I  had  got  so  well 
that  I  was  fairly  convalescent  and  really  didn't  know  how 
badly  I  was  used  or  '<  smashed"  upland  so  I  turned  up  all 
right  at  home. 

And  I  said  to  a  spinner  the  other  day,  well,  if  they  '*  smashed" 
me  up  the  last  time,  I  have  come  here  again,  and  I  hope  to-day 
that  with  their  burning  and  withering  criticisms  they  will 
cremate  me,  and  then  they  will  have  done  with  Ashworth. 
[Laughter.]  Then  the  English  machine  makers  will  reach  the 
millennium  ;  they  will  hear  no  more  of  Ashworth's  notions  and 
radical  improvements,  and  so  they  will  stay  just  where  they 
are  in  regard  to  progress. 

I  wish  to  mention  another  thing,  because  these  things  are 
carious.  A  gentleman  said  to  me  a  few  days  ago,  *'  Mr.  Ash- 
worth, I  am  very  glad  to  see  you  here,  for  there  was  a  man 
here  a  little  while  ago  who  said  that  '  Ashworth  is  used  up  and 
worn  out ;  that  he  couldn't  sell  a  card  in  England,  and  so  he 
has  come  over  here  to  bamboozle  the  Americans.' "  Well,  that 
sounded  very  funny  to  me.     I  said,  "  Well,  you  know  if  I  am 
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worn  out  and  done  up  I  am  not  the  first  fellow  who  has  come 
from  Europe  worn  out  and  cleaned  out,  or  having  cleaned 
somebody  else  out,  and  come  over  here  to  bamboozle  the 
Americans."  [Laughter.]  Surely,  gentlemen,  in  a  countiy 
like  this,  —  a  country  which  has  given  refuge  to  any  man  and 
every  man,  a  country  which  condones  past  offences  and  gives  a 
man  a  chance  to  start  again,  you  won't  turn  me  out,  so  I  will 
just  ask  you  to  let  me  remain.  I  only  just  say  this  to  let  you 
know  the  kind  of  a  man  you  have  amongst  you.  I  intend  to 
<^  bamboozle"  the  Americans  if  I  can,  but  I  want  to  find  the 
man  I  can  <'  bamboozle  "  first.  I  don't  know  where  that  gentle- 
man is.  I  have  had  a  good  deal  of  experience  among  you,  and 
I  haven't  found  anybody  yet  with  that  particular  weakness.  I 
have  talked  with  superintendents,  and  I  have  talked  with  treas- 
urers, and  I  have  talked  with  carders  here,  but  I  can't  find  they 
are  veiy  easy  to  be  bamboozled.  That  is  my  first  impression. 
I  am  going  to  be  on  the  outlook,  however,  and  if  I  can  **  bam- 
boozle "  anybody  into  buying  a  thousand  of  Ashworth's  cards, 
I  am  going  to  do  it.  If  I  can  come  across  a  half  dozen  treasur- 
ers who  are  easily  bamboozled  to  buy  a  thousand  of  Ashworth's 
cards,  there  is  going  to  be  a  **  boom  "  in  bamboozling  and  I  am 
going  into  it. 

Now,  let  us  come  seriously  to  this  paper,  because  it  is  rather 
a  peculiar  paper.  Mr.  Dobson's  paper  is  a  very  long  one  and 
I  intend  to  criticise  this  before  I  begin  my  own,  and  then  I 
shall  ask  everybody  to  criticise  mine.  I  don't  ask  you  to  take 
anything  for  gnmted,  as  I  have  told  you  before,  but  I  want 
you  to  subject  it  to  the  very  severest  criticism.  Take  every 
sentence,  take  every  line,  every  word,  if  you  like,  as  we  go 
along.  Mr.  Dobson  begins  his  paper  with  a  postscript.  I  am 
always  suspicious  of  those  things,  you  know.  There  is  always 
something  very  funny  about  a  postscript.  It  looks  like  a  piece 
tacked  on,  as  though  the  main  stinicture  wasn't  quite  finished 
and  something  has  to  be  stuck  on.  I  shall  only  mention  this 
in  order  to  clear  my  own  position,  because  it  seems  as  if  I  was 
presenting  myself  here  oftener  than   I   ought.     Mr.  Dobson 
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simply  says  :  ^'  When  I  selected  the  subject  for  the  paper  I  am 
about  to  ready  I  was  unaware  of  the  fact  that  it  had  already 
been  discussed  more  than  once  by  your  society."  I  only  wish 
to  tell  my  friend  Mr.  Atkinson,  because  I  know  he  is  a  very 
bright  fellow,  that  if  he  allowed  that  to  go  in  he  didn't  look 
ifter  Mr.  Dobson's  interests.  [Laughter.]  I  suppose,  Mr. 
Dobson,  you  read  my  paper,  didn't  you? 

Mr.  Dobson.  I  don't  know  that  Mr.  Ashworth  has  any 
right  to  address  his  remarks  to  me.  Let  us  keep  away  from 
personalities. 

The  PREsroENT.  We  will  hear  what  you  have  to  say 
about  carding,  Mr.  Ashworth,  but  we  do  not  think  there  is  any 
necessity  for  entering  into  any  personal  matter.     [Applause.] 

Mr.  Ashworth.  All  right.  I  wish  to  say  —  only  because 
I  wUh  to  meet  this  remark  about «« making  invidious  compari- 
sons  or  personal  references" — that  I  don't  consider  it  an  invidi- 
ous comparison  to  mention  a  card  by  the  name  of  the  maker. 
You  are  here  to  have  the  facts  laid  before  you  in  the  most 
compact  form,  and  if  I  mention  my  card  I  think  I  have  a  right 
to  name  Mr.  Dobson's  card  and'  say  it  is  Mr.  Dobson's,  and  I 
have  a  right  to  compare  it  with  Piatt's  and  say  it  is  Piatt's,  or 
with  the  Whitin  card  or  any  other.  For  if  I  say  my  card  is  so 
and  so,  and  such  and  such  cards  do  not  possess  those  features 
or  do  possess  such  merits,  I  leave  much  uncertainty  in  your 
own  minds  as  to  where  and  to  what  I  am  directing  my  criticism. 
You  know  there  are  cards  in  the  market  somewhere,  but  you 
haven't  time  to  see  where  the  points  of  difference  are  without 
going  to  more  trouble  than  there  is  any  necessity  for.  You 
want  it  all  boiled  down  and  presented  to  you.  So  I  don't  con- 
sider it  in  the  line  of  personality  if  I  mention  Dobson's  cards 
and  Piatt's  cards  by  their  distinguishing  names,  and  if  such  a 
man  or  I  said  so  and  so  I  will  say  he  said  this  thing  about  such 
a  card  and  I  will  state  the  exact  truth  as  far  as  I  am  able ; 
because  Mr.  Dobson  might  as  well  put  my  name  to  about  all 
of  this  here,  for  this  side-grinding  means  Ashworth  and  the 
steel  card  means  Ashworth,  and  so  on  through  the  paper. 
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Everybody  knows  we  are  responsible  for  the  steel  card  ;  every- 
body knows  we  are  responsible  for  the  needle-pointed  card,  and 
that  Mr.  Dobson's  notions  are  the  very  antipodes  of  oar  own. 
I  say  a  fine  point  is  the  right  thing  for  carding,  and  he  goes  to 
the  very  opposite. 

Let  me  begin  on  page  31,  because  Mr.  Dobson  makes  a 
statement  there  which  I  consider  doesn't  hold  water.  This 
word  "  films,"  for  instance,  is  a  word  from  my  own  paper.  I 
used  the  word  films  and  I  take  the  responsibility  of  it.  I  like 
to  be  particular  in  the  use  of  language,  as  I  am  a  pretty  fair 
linguist,  and  if  I  am  incorrect  I  would  like  to  be  taught  what 
is  correct ;  but  for  the  moment  I  will  just  take  Mr.  Dobson's 
notion  and  use  his  word,  which  is  **  tufts."  Now,  I  wish  to 
point  out  the  very  weak  foundation  on  which  he  builds  this 
structure.  It  is  this.  ^'For  some  reason  the  operation  the 
cotton  is  submitted  to  in  carding  is  generally  considered  to  be 
a  sort  of  mystery,  because  it  is  impossible  to  see  the  peculiar 
nature  of  the  process  at  the  time."  Now,  Mr.  Leigh,  in  his 
paper,  uses  a  different  word  from  mine ;  I  think  he  says 
**  flakes."  But  we  will  take  Mr.  Dobson  as  right ;  for  all  I 
wish  to  protest  against  is  this :  that  this  distinction  between 
these  two  words  ''  film"  and  ''  tufts,"  or  »«  film"  and  *'  tufts" 
and  ^*'  flakes,"  is  not  at  all  fit  to  erect  such  an  argument  upon 
as  that  "this  incorrectness  of  expression  has  given  rise  to  ideas 
entirely  mistaken  as  to  the  real  nature  of  the  process."  That 
is  my  point.  Now,  gentlemen,  I  want  to  know  what  this  all 
means.  If  this  paper  is  right  it  ought  to  remain  and  every- 
body ought  to  adopt  its  guidance.  But  if  it  is  not  right  —  I 
am  simply  pleading  for  true,  correct  principles  —  let  it  be 
burned  and  got  out  of  the  way.  If  mine  is  wrong  let  that 
be  burned.  We  can't  afford  in  these  days  to  have  things  com- 
plicated if  we  can  have  them  simplified ;  we  cannot  aflford  to 
accumulate  theories  which  are  simply  confusing.  Now,  let  us 
go  a  little  further. 

Mr.  Pevey.  I  would  like  to  rise  to  a  point  of  order.  I 
think  we  are  here  to  ligten  to  Mr.  Ashworth's  paper,  and  not 
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to  hear  him  discuss  some  other  paper.  I  would  like  to  have  Mr. 
Ashworth  read  his  paper,  and  then  the  discussion  can  follow. 

The  President.  Does  the  gentleman  wish  to  make  a 
motion  to  that  effect?  If  so  it  would  be  in  order.  Mr.  Ash- 
worth asked  if  he  could  have  the  privilege  of  making  a  few 
remarks  with  regard  to  the  paper  which  had  been  •  already  read 
before  he  read  his  own,  and  it  was  thought  that  would  not  be  out 
of  the  way.     Do  gentlemen  prefer  to  have  him  read  his  paper? 

Mr.  Pevey.     I  make  that  as  a  motion. 

Mr.  Charles  D.  McDuffie.  I  move,  as  an  amendment  to 
that,  that  Mr.  Ashworth  be  allowed  to  criticise  Mr.  Dobson's 
paper  before  reading  his  paper. 

Mr.  A.  G.  Cumnock.  Mr.  Ashworth  comes  here  as  a 
stranger  from  the  other  side,  and  I  hope  he  will  have  the 
privilege  of  criticising  Mr.  Dobson's  paper;  but  I  do  hope 
he  will  avoid  mentioning  Mr.  Dobson's  name  or  the  names 
of  other  card  manufacturers. 

Mr.  McDuflBe's  motion  was  adopted. 

Mr.  Ashworth.  You  simply  want  me  to  give  no  names; 
not  to  mention  names  ? 

The  President.  I  understand  we  do  not  care  to  have 
any  acrimonious  p>ersonalities  here,  but  we  should  be  glad  to 
know  everything  we  can  about  cards,  —  whether  in  criticism  of 
others  or  in  exposition  of  your  own  methods.     [Applause.] 

Mr.  DoBSON.  May  I  ask  if  I  shall  have  an  opportunity  of 
correcting  Mr.  Ashworth  ?  He  has  already  misrepresented  me 
once. 

Mr.  Ashworth.     Certainly,  Mr.  Dobson ;  I  ask  it. 

Mr.  Dobson.  I  addressed  the  President,  if  you  will  excuse 
me.     [Laughter.] 

The  President.  I  think,  Mr.  Dobson,  the  association  will 
have  no  objection. 

Mr.  Ashworth.  Now,  as  to  the  value  of  the  feed  and 
licker-in  producing  so  great  a  result,  I  wish  to  make  a  remark, 
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m^sn  to  «y  ttu^  di«t  L<^  :ilto8Ptiier  exaci^KstBcL  Means.  Flut 
Brother),  f  iim  'laite  -mre,  made  tfast  tadsiHr-ai  and  diac  diaii 
li»^  «>  vHl  thirrv  veax^  leo  s»  tiiev  iio  now :  and.  diei«&ve* 
r  -wy  thst  duit  part  of  tbe  paper  is  aa  exaegmatum.  Goin^ 
on  A  Ittti«»  lower  iown  70a  &id  a  '^iiesdoii  Adoar  die  rowghmwB 
of  ihe  li<^ker-in  ^m.  ?fow.  Mr.  Dohsoiu  —  T.anghtw]  I 
*^n't  h#»lp  it,  gentlemen. 

Th<»  Pftics^rDirrr.  I  think  there  m  no  objectioii  to  Mr. 
Ai=ihwort}i'^  mentioninc  Mr.  I>ibsoa'a  name. 

Mr.  r>ORMO!f.  r  tion't  (!an».  The  more  he  niHitioiifi  mj 
iHinv»  th#»  hPiftAT  arfvertiflement  it  i»  for  me.     Tjmghter.T 

Mr.  A.^HwoRTH.  I  am  ^erv  siad  to  have  that  pennifffiioiu 
h^rwiw*  it  fa^ilitattf*^  matters.  That  is  jnst  what  we  bodi  came 
h^T^,  for,  Mr.  Dohflon.  { I  reaflr  forzot  when  I  mentioned  his 
tifvm^.}  T.An^t^r.~  I  am  sjaii  to  see  diat  Mr.  Dobeon  is 
t^A  ai^nrMyl  ahr>nt  the  roo^ness  of  the  tooth.  The  roii«dmes8 
of  th^,  fAker-in  f/y*th,  the  ordinary  Mkw-tooth,  is  Tery  didTerent 
from  thj»t  f/K/th.  Tli^  ordinary  ^^w-tooth  is  a  saw-tooth  in 
^r7^7  3i4^!4#>j  of  t,h#^  word,  —  that  is,  it  is  cut  oat  on  the  firont 
^d^,  %^  wftJI  jw  the  Visuik.  The  two  front  parts  are  sharp,  as  well 
%^  fl»e  \f9k4'V  ;  and  if  yon  examine  that  through  a  microscope 
jfm  tuny  dejiend  fif>on  it  yon  will  be  very  much  alarmed.  And 
yf^.  Mr.  f>ofF<*on  d^>e»n't  take  alarm  at  the  roughness  of  the 
ffi k^r-tr»,  \m\.  be  aiays  it  df>efin't  do  any  injury,  and  in  that  I  agree 
with  him.  f  remenil^r  the  experience  with  fixing  the  metallic 
Mk^r-rn  in  a  mill  in  fk>lton.  As  they  got  on  they  found  the 
(rill^rB  ftri/l  the  l>earn.H  all  covered  with^dust,  and  of  course  they 
(•orif Irided  \\\^  fakf^r-in  waH  cutting  up  the  cotton.  They  were 
y^ty  n«rV(Fiifi,  and  ro  they  made  their  tests ;  but  they  found 
ilmro  w»«  noihinj^  in  it.  The  fact  of  the  matter  was  that  this 
taki^r-)n  wa^i  no  otficioiit  an  opener  that  it  knocked  and  shook 
♦lift  colfon  more,  and  thin  duHt  was  just  the  result  of  more  effi- 
elftflt  openlnjc  and  rloanin^  of  the  cotton.  I  only  just  mention 
thftt  in  pAFiflin^,  because  Mr.  Dobson  does  not  dwell  upon  the 
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roughness  of  the  taker-in,  but  later  on  he  takes  very  strong 
ground  about  the  roughness  of  our  wire.  I  leave,  therefore, 
the  question  of  the  taker-in,  and  proceed. 

There  is  another  point  on  page  40  where  I  join  issue  with 
Mr.  Dobson :  "In  the  first  place  there  is  quality  and  in  the  sec- 
ond place  quantity.  If  quality  alone  is  wanted,  irrespective  of 
the  question  of  production,  the  same  conditions  do  not  hold  good  ; 
and  the  same  applies  exactly  as  regards  quantity.  I  maintain  that 
it  is  impossible  to  get  at  the  same  time  the  extreme  of  quality 
and  the  extreme  of  quantity,  and  that  as  one  increases  the  other 
suffers.  In  fact,  this  is  an  axiom  or  principle  that  is  univer- 
sally applicable,  not  only  to  carding  but  to  almost  everything 
else."  Well,  I  deny  that  altogether.  [Laughter.]  You  take 
two  men  in  a  work-shop,  and  you  find  one  man  doing  thirty 
per  cent,  more  work  than  another,  and  you  will  find  that  man 
does  the  best  work.  If  you  will  go  even  higher,  —  if  you 
will  go  up  even  to  the  fine  arts,  —  and  take  Rubens  who 
painted  so  many  yards  of  pictures.  Look  at  the  work  he  did, 
and  yet  look  and  see  how  finished  it  was  I  And  the  higher  you 
go  the  greater  is  the  difference ;  it  is  all  a  matter  of  efficiency. 
There  are  card  wire  makers  here,  and  they  know  quite  well 
that  one  man  looks  after  twenty  machines ;  and  they  will  tell 
you  that  they  have  men  who  are  minding  sixteen  and  other 
men  who  are  minding  twenty-four  machines,  and  the  men  who 
are  minding  twenty-four  produce  as  much  work  again  as  the 
men  who  are  minding  sixteen,  and  the  work  is  better.  The 
point  is  this,  that  quantity  nearly  always  means  quality.  Given 
efficiency,  and  you  will  have  the  quantity  as  well  as  the  quality. 

I  mention  this  because  I  know  this  is  a  hit  at  the  great  pro- 
ductions we  have  given  out  as  possible  from  our  card ;  and  I 
wish  to  say  that  that  machine  does  the  work,  and  it  is  also 
high  in  quality.  I  wish  also  to  simplify  this  matter  about  the 
saw-tooth.  I  mean  to  say  that  there  is  no  necessity  at  all  for 
going  to  anything  different  than  one  form  and  angle  of  tooth. 
I  place  this  thing  in  a  nutshell.  You  may  strike  a  line  right 
through  the  centre  of  the  taker-in,  and  make  the  front  part  of 
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the  tooth  coincident  with  that  line  (other  things  being 
equal),  and  that  taker-in  will  do  for  every  kind  of  work ;  and 
you  needn't  complicate  this  point  of  the  question  at  all.  I 
give  that  as  the  result  of  very  careful  experiments. 

I  should  be  very  glad  if  I  could  find  out  from  this  paper 
exactly  what  Mr.  Dobson  recommends,  because  he  says  wire 
'*  may  be  made  "  of  either  iron  or  steel.  Of  course  we  expect 
he  has  some  opinions,  and  we  desire  to  know  exactly  what  he 
recommends.  But  I  can  join  issue  with  him  in  what  he  says 
on  page  41,  because  this  is  the  point  and  this  is  the  theory 
which  are  the  very  antipodes  of  our  own.  We  say — and  I 
am  here  to  stake  our  reputation  upon  it,  and  I  ask  you  to 
remember  it — that  a '*fine  point"  is  the  best  for  carding. 
You  need  not  go  any  further  than  that.  You  need  not  com- 
plicate it  with  this  wire  or  that  wire,  this  shape  or  that  shape. 
If  you  can  get  **fine  points,"  other  things  being  equal, 
that  is  the  right  thing  for  carding.  Now,  there  it  is  boiled 
down  for  you.  We  start  on  that,  and  if  that  doesn't  go 
through  you  will  see  me  go  off  out  of  this  country,  and  you 
will  never  hear  of  me  again  speaking  upon  this  great  ques- 
tion. 

Now,  just  look  at  this.  Mr.  Dobson  means  to  say  from  this 
sentence  that  the  action  of  the  emery  roller  serrates  the  ends 
of  the  wires,  and  naturally  the  carding  is  done  on  them  —  that 
is,  by  these  ''serrations."  That  is  a  very  curious  theory  to  me. 
If  that  is  the  case,  why  not  increase  the  thickness  of  the  wires  ? 
Then  you  get  more  '' serrations"  and  you  get  more  carding. 
Of  course  you  have  less  space  for  dirt.  Now,  I  am  very 
anxious  to  impress  upon  you  that  this  is  a  theory  which  I  want 
you  to  remember,  and  I  want  Mr.  Dobson  to  have  the  fiiU 
credit  of  enunciating  this  theory,  because  either  I  am  wrong  or 
he  is  wrong,  and  this  new  theory  may  bring  him  undying 
fame.  I  say  we  don't  want  any  end  surface  at  all,  but  *'  fine 
points,"  and  he  says  in  effect  we  want  end  surface,  because  the 
carding  is  done  on  these  end  surfaces  or  ''  serrations"  on  end 
surfaces.     On  page  42  he  says:  ''It  is  better  in  carding  to 
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have  a  point  which  only  has  a  serration  caused  by  grinding  the 
extreme  top,  and  by  this  means  cleaner  and  smoother  carding 
can  be  got."  Now,  further  on  we  'get  the  objections  against 
the  side-ground  wire  because  of  its  roughness.  I  confess  it  is 
rough,  but  I  can't  gather  from  Mr.  Dobson's  paper  exactly 
what  he  means,  because  in  some  parts  of  it  he  speaks  as  if  the 
roughness  was  quite  an  advantage.  I  should  be  glad  if  he 
would  just  enunciate  clearly  his  position  there.  For  instance, 
he  says  on  page  45, — 

"A  difl3culty  of  side-ground  wire  is  the  stripping  of  the  flats,  and 
when  a  card  has  been  started  it  has  often  been  found  necessary  to 
put  a  metallic  brush,  instead  of  the  ordinary  bristle  hair  brush,  to 
smooth  the  teeth  of  the  flats  sufficiently  to  allow  them  to  strip. 
When  this  brush  has  worked  a  certain  length  of  time  the  flats  will 
strip  almost  as  easily  as  any  ordinary  wire,  the  meaning  of  it  being 
that,  by  its  constant  revolution  in  the  wire  of  the  flats,  some  of  the 
asperities  caused  by  the  side  grinding  in  the  lower  part  of  the  point 
have  been  removed.  When  this  result  has  been  obtained  the  carding 
is  found  to  be  irregular  and  dirty,  and  further  side  grinding  in 
places  is  found  necessary." 

Now,  I  don't  know,  I  should  be  glad  if  Mr.  Dobson  would 
make  a  note  of  that  and  tell  me  what  he  means  by  ''  further 
side  grinding  in  places  is  found  to  be  necessary."  We  never 
saw  any  such  need.  We  finish  the  pointing  at  the  mills,  we 
get  all  the  teeth  perfectly  level,  and  we  get,  of  course,  the 
finished  points.  I  don't  mean  to  say  but  if  I  could  smooth  the 
wires  I  should.  I  think,  —  I  don't  use  a  strong  phrase,  —  I 
think  it  is  a  right  thing  to  have  smooth  wires.  I  agree  with 
Mr.  Dobson  in  that.  I  simply  want  Mr.  Dobson  to  tell  us 
exactly  what  he  means  by  this  language.  In  some  places  it 
seems  as  if  he  were  speaking  against  rough  wires,  and  then  he 
speaks  in  favor  of  the  rough  wires. 

There  is  another  point  on  page  41.  Passing  over  all  this 
(because  I  have  tried  my  best  to  understand  all  and  can't 
really  get  hold  of  it) ,  I  come  to  this  because  it  is  a  result  which 
is  said  to  he  due  to  the  roughness  of  the  wires :  **  In  dyeing 
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delicate  shades  and  light  tints  some  parts  of  the  yam  wiU  take 
up  more  of  the  coloring-matter  than  other  parts,  and  give  an 
uneven  and  blotchy  appearance  to  the  piece.  The  reason  of 
the  extra  dye  being  absorbed  is,  of  course,  the  fact  that  the 
fly  acts  similarly  to  a  sponge."  I  have  been  looking  for  this 
ever  since  I  saw  this  paper,  but  I  can't  find  it.  It  is  a  very 
curious  thing  to  me  that,  taking  40s,  in  these  days  of  close  com- 
petition, you  can  sell  yam  which  has  so  much  roughness  on  it 
as  to  act  ''  similarly  to  a  sponge,"  and  you  don't  know  it  is 
caused  by  your  wire.  Can  this  be  caused  by  the  roughness  of 
this  wire  when  the  metal  is  so  hard  that  the  revolving  brush 
won't  take  off  the  roughness  ?  You  see  what  an  infinitesimal 
amount  of  power  there  is  to  be  brought  over  from  this  **  rough- 
ness" of  the  wire,  when,  in  making  yam  40s  and  50s,  it  is  so 
rough  that  it  *'  acts  similarly  to  a  sponge."  Notice ;  this  yam  is 
so  rough,  and  yet  the  buyer  only  finds  it  out  when  dyed.  I 
know  some  experts  in  yam,  but  I  am  quite  sure  this  is  infor- 
mation to  them ;  and  I  should  like  to  hear  what  they  have  to 
say  about  that.  I  can  assure  you  that  wherever  we  have  these 
wires  at  work  the  yam  is  smooth  and  regular,  and  there  is  no 
complaint. 

If  you  will  excuse  me,  Mr.  President,  before  I  go  on  I  will 
finish  up  this  subject  by  just  reading  one  or  two  letters  on  this 
point.  One  is  from  a  firm  which  I  am  quite  sure  Mr.  Dobson 
will  not  question  as  to  their  ability  to  judge  and  as  to  their 
integrity  to  say  what  they  think  is  right.  We  built  140  cards 
for  the  J.  &  P.  Coats,  Paisley,  Scotland,  for  carding  fine 
Egyptian  cotton,  and  for  ever  so  long  after  these  cards  were 
working  it  was  reported  that  the  roughness  of  Ashworth's  wire 
damaged  the  fibre  so  much  that  they  couldn't  use  the  yam  and 
put  it  on  the  market.  This  was  often  denied,  and  yet  people 
kept  it  up.  Well,  just  before  I  came  away  there  was  an  order 
for  carding  engines  to  be  given,  and  the  man  who  was  com- 
peting with  me,  as  a  parting  shot,  fired  at  the  spinner  this 
report,  and  he  then  sent  me  this  letter.  At  the  end  of  it  he 
says,  — 


81 

^B  there  any  tnith  in  the  report,  mentioned  to  me  this  week,  that 

^^ssrs.  Coats  could  not  use  the  yam  carded  from  your  hardened 

^d  tempered  steel  wire  for  some  considerable  time  in  consequence 

^^  the  wire  damaging  the  fibre,  and  that  the  yam  was  sold  in  the 

^^tichester  market? 

knowing  the  importance  of  this  I  immediately  wired  Coats 
^  this  effect :  — 

n*  PAI8LIT,  March  26, 1888. 

^^  2tt89rs.  Askworih  Brothers^  Manchester. 

The  following  telegrams  were  exchanged  to-day :  — 

1.  ^^A  machine  maker,  to  influence  an  order,  reports:  *  Coats 
^^tild  not  use  the  yam  carded  from  Ashworth's  tempered  steel  wire 
'^r  some  considerable  time,  owihg  to  roughness  of  wire  damaging 
^V>re,  and  that  the  yam  was  sold  in  Manchester  market.'  Have  given 
^^act  quotation  from  letter  sent  us ;  please  write  us  reply  to-day." 

2.  *'  Telegram  received,  report  not  trae ;  are  writing  to-night." 

In  reference  to  the  above,  you  can  give  this  report  the  most 
^^^iqualified  denial  in  every  particular.  The  carded  yarn  we  made 
^^r  a  short  time,  through  being  short  of  combers  on  account  of 
^^olton  strike,  was  first-class  and  superior  to  any  we  were  getting, 
^o  far  as  we  have  gone  your  cards  have  given  the  most  complete 
Satisfaction,  and  we  would  still  put  them  in  if  building  a  new  mill,  as 
"^e  are  not  aware  of  any  superior  to  them. 

In  regard  to  our  selling  yam  in  the  Manchester  market,  we  thought 
thhA  childish  story  was  exploded.     The  only  foundation  for  such  a 
report  that  we  can  think  of  being  the  fact  that  a  few  cops  were 
extracted  from  our  place  at  the  start,  and  perhaps  sold  to  some  jeal- 
ous parties  who  had  an  anxious  solicitude  for  our  success. 

Youre  truly,  j    ^  p    ^^^^ 

I  think,  gentlemen,  there  is  hardly  another  firm  better  able 
to  judge  of  yams  than  this  one,  and  I  think  they  wouldn't  give 
such  a  letter  as  that  if  they  found  anything  at  all  like  ooziness 
in  their  yam.  I  have  a  telegram  here,  —  I  will  finish  this 
point  off  now  I  am  on  it.  I  wrote  to  the  Globe  Yam  Mill, 
Fall  Eiver,  where  we  put  in  forty  cards,  and  asked  if  they  found 
any  ooziness  or  dulness,  and  they  say :  — 
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Globb  Ta&n  Mill,  Fall  Rivbr,  April  25, 1888. 

Letter  received.  Carding  from  your  eDgines  brighter  and  better 
than  from  ours  ;  mild  steel  clothing  in  mills  numbers  1  and  2.  Pro- 
duction, one  thousand  pounds  and  satisfactory. 

A.  B.  Sanford. 

I  will  leave  that  part  of  the  subject  and  go  on,  because  it  is 
very  likely  that  there  are  plenty  of  gentlemen  here  who  have 
knowledge  of  the  Ash  worth  cards,  and  there  are  also  agents  of 
card  makers  here,  and  they  can  tell  something  as  well  as  I  can 
about  the  needle-point.  There  is  a  great  deal  more  in  Mr. 
Dobson's  paper  that  I  could  criticise,  bu^t  some  of  the  matters 
I  went  over  with  you  last  year  and  so  I  will  not  refer  to  them 
again,  but  will  now  read  my  paper. 

Card  Clothing. 

In  the  discussion  which  followed  the  reading  of  my  paper  on 
carding,  etc.,  before  your  Association  in  October  last,  some 
remarks  were  made  and  questions  asked  respecting  the  essen- 
tial features  of  the  best  card  clothing.  Though  I  had  done 
my  best  to  lay  down  the  essential  forms  of  structure  for  the 
best  clothing,  deduced  from  scientific  premises,  as  the  result  of 
many  experiments,  I  was  not  in  the  least  surprised  that  on  a 
many-sided  question  like  this  —  one  which,  during  the  last 
three  years  (owing  to  so  many  attempts  at  advancement),  has 
become  somewhat  complicated  —  a  number  of  doubts  should 
exist  as  to  the  truth  of  the  premises  laid  down  and  the  deduc- 
tions made  therefrom.  Moreover,  I  had  asked  to  have  my 
positions  contravened  at  every  point,  because  of  the  great 
value  of  legitimate  viva  voce  discussion  in  bringing  out  the 
truth,  especially  when  under  the  eye  of  an  audience  so  keenly 
practical  and  critical  as  the  one  then  before  me.  The  great 
extent  of  ground  traversed  by  the  paper,  and  discussion,  at  the 
last  meeting  prolonged  it  to  such  an  hour,  however,  that  I  had 
not  the  chance  to  make  such  a  reply  to  the  criticisms  of  the 
points  I  had  advanced  on  card  clothing  as  was  due  to  the 
importance  of  the  questions  asked  and  the  objections  urged. 
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^  these  questions  and  objections  have  more  in  them  than  is 

seen  at  first  sight,  and  open  out  much  that  is  interesting,  I 

^sh  (before  proceeding  to  deal  with  the  more  important  parts 

^^  my  subject  to-day)  to  return  for  a  short  time  to  this  matter 

0^   card  clothing.     Let  us,  for  a  few  moments,  glance  at  the 

c^ixnts  and  kind  of  clothing  which  you  have  used,  and,  I  pre- 

s^Hie,  are  still  using  on  your  make  of  cards,  because  this  will 

^^^d  up  to  the  questions  raised  in  the  recent  discussion.     I  find 

toa.t  your  clothing  for  cylinder  seldom  has  more  than  64,800 

Points  to  the  square  foot  set  with  33s  wire  ;  for  doffer,  72,000 

FK>ints  set  with  34s  wire  ;  flats,  —  especially  those  nearest  the 

^'^^  roller,  —  with  fewer  points  still.      Now,  compare  these 

^^Ounts  and  grades  of  wire  with  such  as  we  use  to  clothe  our 

^Wn  cards ;  and  as  all  these  inquiries  are  to  obtain  the  highest 

{Practical  result,  let  me  state  that  the  cards   so  clothed  are 

flying  the  best  production   ever  seen  or    heard  of,  both  as 

^^gards  quantity,  quality  and  little  cost  in  waste  and  labor. 

In  addition  to  this  they  will  work  equally  well  the  lowest 
Kurat  or  the  finest  Sea  Island  cotton,  such  alterations  only  being 
Xnade,  in   relation  to  quantity  carded,  draughts,   speed,  etc., 
as  may  be  found  desirable.     Now  this  is  a  most  important  and 
suggestive  fact  to  note.     It  proves,  I  think,  conclusively,  a 
statement  made  in  my  former  paper  that  certain  ''  theories,  and 
the  practices  built  upon  them,  are  the  results  of  defective  con- 
struction of  the  machines  and  other  appliances  to  do  the  work." 
It  is  most  astonishing  how  much  a  piece  of  technical  work  be- 
comes circumscribed  or  centralized  if  there  be  a  scientific  sub- 
structure or  foundation.      Among  spinners  in  England,   and 
no  doubt  in  America  also,  as  many  variations  as  there  are  days 
in  the  week  have  existed  in  regard  to  counts  of  wire  to  be 
used,  as  well  as  other  differences  in  methods  of  practice,  to 
produce  the  same  yams  from  almost  the  same  class  of  cottons ; 
and  now  we  have  proof  that  no  such  variable  practice  is  nec- 
essary to  give  the  best  possible  result.     The  clothing  we  use 
for  our  cards  is  all  hardened  and  tempered  steel,  ground  away 
fix)m  bend  upwards,  —  ''side  reduced"  as  we  term  it,  —  and 
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finished  to  fine  points  by  hand  process  at  the  mills,  after  the 
card  has  been  clothed  and  ground  up  in  the  ordinary  way. 
The  cylinder  we  clothe  with  our  110s  equal  to  79,200  points  to 
the  square  foot,  32^  wire  ;  dofier  and  flats  130s  equal  to  93,000 
points  to  the  square  foot,  33|  wire.  In  some  cases  we  use  ten 
counts  finer  all  round.  Notice  that  with  14,400  more  points  to 
the  square  foot  for  our  cylmder  clothing  compared  to  yours, 
we  still  employ  half  a  size  thicker  wire,  —  your  points  being 
64,800,  wire  33 ;  ours  79,200,  wire  32J.  About  the  same 
disparity  exists  throughout,  but  this  one  example  will  serve 
my  purpose  for  illustration.  It  is  not  my  intention  to  contend 
that  your  clothing,  with  the  number  of  points  and  thickness  of 
wire  as  cited  above,  is  not  the  best  for  your  make  of  cards,  — 
that  is,  those  without  taker-in.  I  am  inclined  to  think  such  a 
clothing  is  the  best  for  your  present  method  of  working. 
Whether,  with  the  side  or  back  reduced  wires,  such  as  can  be 
supplied  you  to-day,  and  as  many  points  as  we  use  to  the  square 
foot,  a  better  result  would  not  be  obtained  even  on  your 
cards  without  taker-in,  is  a  matter  which  we  hope  ere  long 
to  have  some  opinions  upon. 

Mr.  E.  W.  Atkinson,  in  last  year's  discussion,  asked  me 
<*  whether  we  did  not  cut  away  our  wires  down  the  sides, 
in  order  to  increase  the  space  between  them,  that  the  cotton 
would  the  easier  enter  instead  of  riding  on  the  top  of 
the  wires,"  and  I  replied  in  the  affirmative.  Receiving  this 
reply,  Mr.  Atkinson  proceeded  to  give  us  some  figures  to 
prove  how  small  an  extra  quantity  of  space  could  be  gained, 
even  supposing  we  cut  away  three-fourths  of  the  wire  contained 
in  a  square  foot  of  clothing,  assuming  the  clothing  to  be  such 
as  you  use  for  your  ordinary  American  cards.  He  gave  as  his 
example  such  a  clothing  as  you  often  use  for  the  cylinder,  — 
one  having  64,800  points  to  the  square  foot,  set  with  33  wire. 
He  made  out  that  in  the  144  inches  of  such  a  clothing  there 
were  but  four  inches  taken  up  by  the  wire.  Such  being  the 
case  —  provided  that  we  cut  away  the  wires  only  to  increase 
space,  or  obtain  clearance  as  we  term  it  —  Mr.  Atkinson  could 
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well  afford  to  be  generous  and  give  us  the  foil  benefit  of  our 
process.  Allowing  us  the  credit  of  being  able  to  cut  away 
three  inches  of  the  four  taken  up  by  the  wire,  the  record 
would  read  as  follows  :  144  square  inches  of  clothing,  original 
form  140  inches  space,  four  inches  wire ;  altered  form  (by 
Ash  worth's  process  of  reducing  the  wires),  143  inches  space, 
one  inch  wire  surface ;  gain  of  space  in  one  square  foot,  three 
inches  only. 

Now,  with  only  mention  of  the  fact  that  the  space  taken  up 
by  the  wire  in  a  foot  of  the  clothing  now  in  question  is  practi- 
cally quite  double  that  which  has  been  stated,  I  am  prepared 
to  prove  my  case  by  taking  the  figures  given.  Mr.  Atkinson 
at  one  portion  of  his  criticisms  informed  us  that  he  was  not 
an  *'  expert"  of  the  subject  under  discussion  ;  still  he  began  to 
speak  of  certain  points  which  none  but  an  expert  should 
approach.  Ilis  remarks  upon  this  part  of  our  subject  prove 
the  truth  of  the  old  saying,  —  **  a  little  knowledge  is  a  danger- 
ous thing."  When  I  replied  in  the  affirmative  to  the  question 
"  whether  we  did  not  reduce  the  wires  in  order  to  get  plenty 
of  room  for  the  cotton  to  lay  in,"  the  questioner,  concluding 
that  that  was  ail  we  gained  by  our  cutting-away  process, 
immediately  fired  off  a  volley  of  figures  with  which  he  had 
armed  himself.  Now,  if  Mr.  Atkinson  had  only  thought  over 
the  subject  a  little,  or  condescended  to  talk  a  little  with  some 
sharp  American  carder  on  the  features  of  card  clothing,  grind- 
ing the  same,  and  the  results  of  his  practice,  he  might  have 
known  that  beyond  the  question  of  space  between  the  wires 
"for  the  cotton  to  lay  in"  there  are  several  others  equally  or 
more  important,  —  the  power  of  penetration  of  the  wires  on 
account  of  the  fineness  of  the  points ;  and  their  power,  or  effi- 
ciency, to  face  and  do  certain  work,  owing  to  their  strength  at 
the  root,  etc. 

Apropos  of  fineness  of  point,  or  power  of  penetration,  a 
very  little  advance  in  this  direction  always  gives  quite  a  dis- 
proportionately good  result.  Any  practical  carder  will  tell 
you  that  of  two  cards  clothed  in  the  same  way  the  one  which 
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has  been  ground  a  little  more  carefully  than  the  other  will  give 
a  much  better  quality  of  work ;  and  yet  a  very  careful  exam- 
ination will  be  needed  to  find  out  the  difference  in  the  ends  of 
the  wires  of  the  two.  In  order  to  lay  this  part  of  the  subject 
more  clearly  before  you,  allow  me  to  reproduce  that  part  of 
my  former  paper  in  which  I  laid  down  the  principles  of  con- 
struction of  the  best  card  clothing.  This  is  given  as,  —  **  that 
card  clothing  which,  having  the  same  number  of  points  to  the 
square  foot  as  another,  has  the  smallest  wire-end  surface  and 
the  greatest  space  between  its  wires  for  the  entrance  of  the 
material,  with  an  equal  or  greater  strength  of  the  wires  at  the 
root ;  such  card  clothing  to  be  so  constructed  as  to  retain  the 
first-named  conditions  (fine  points  or  small  wire-end  surfetce) 
as  long  as  possible  with  the  ordinary  grinding  treatment  in  use 
at  the  mills."  You  will  notice  that  four  essential  principles  of 
construction  are  laid  down  in  order  to  construct  the  best  card 
clothing :  the  required  number  of  points ;  small  end  surfieu^  or 
fine  points ;  plenty  of  space  or  clearance  between  the  wires ; 
and  the  greatest  strength  of  wire  at  the  root.  Now  any  make 
of  clothing  which  has  these  four  features  of  construction  in  the 
proper  proportions,  allowing  a  retention  of  them  with  ordinary 
mill  usage,  is  unquestionably  the  best. 

To  illustrate  my  meaning  more  clearly  let  me  refer  to  a 
question  asked  at  one  of  your  previous  meetings.  The  ques- 
tion was  "Will  a  needle-point  card?"  Now  the  idea  in  the 
mind  of  the  questioner  is  plainly,  I  think,  —  "  Supposing  you 
can  have  a  cylinder  clothing  72,000  to  the  square  foot,  set 
with  33s  wire,  hardened  and  tempered,  ground  perfectly 
smooth  and  tapering  to  points  like  needles,  will  this  cylinder 
fillet  card  ?  "  If  such  a  clothing  could  be  produced  to  have  all 
the  wires  exactly  the  same  length  when  on  the  cylinder,  I  have 
no  hesitation  in  sajdng  that  it  would  not  only  card,  but  produce! 
the  best  carding  ever  yet  seen,  other  things  about  the  machine 
being  equal.  Such  a  clothing,  however,  could  not  be  made 
save  as  a  fancj^  thing.  The  cost  would  be  prohibitive,  and  any 
grinding  in  the  usual  way  at  the  mills  would  soon  cause  rapid 
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depreciation  unless  the  wires  were  tapered  down  to  the  bend. 
It  would  have  the  three  first  qualities  but  not  the  last.  Take 
now  the  question  of  space,  or  '*  clearance,"  between  the  wires. 
A  cylinder  clothing  such  as  you  use,  64,800  points  to  the  square 
foot,  might  be  set  with  40s  wire,  say,  —  for  the  sake  of  argu- 
ment, —  and  you  would  have  plenty  of  space  or  clearance  and 
less  wire  and  surface ;  but  there  is  not  the  strength  of  the  wire 
at  the  root.  Hence,  the  wires  through  weakness  would  fall 
away  from  their  work  when  faced  with  the  cotton,  would 
quickly  be  ruined  by  stripping,  and  very  poor  carding  would 
be  the  result. 

Not  to  prolong  this  part  of  my  subject,  let  me  say  that  [  am 
convinced  that  such  a  clothing  as  you  use  —  few  points  and 
fine  wires  —  is  not  the  right  kind  in  my  opinion,  supposing 
you  have  the  proper  machine ;  and  would  not  give  a  result 
such  as  we  are  obtaining  from  our  card  to-day.  My  answer, 
therefore,  to  this  part  of  last  year's  discussion  is  that  to  get 
more  space  is  only  one  of  the  reasons  why  we  cut  our  wires 
away ;  there  are  several  others  equally  or  more  important. 
Of  these  we  place  first  the  power  to  use  clothing  with  a  large 
number  of  points  to  the  square  foot;  a  stronger  wire  than 
otherwise  would  be  possible,  and  hence  greater  strength  at  the 
root ;  finer  points  than  are  now  got,  even  with  careful  grinding 
on  much  finer  wires  ;  and  such  fine  points  producible  by  ordi- 
nary mill  grinding.  In  leaving  this  part  of  the  question  let 
me  remark  that  in  any  measurement  of  the  space  taken  up  by 
the  wires  in  a  square  foot  of  clothing,  at  least  twenty-five  per 
cent,  should  be  added  for  the  "  hook  "  which  round  wire  carries 
more  than  any  other  form.  This  is  an  objectionable  enlarge- 
ment of  wire-end  surface,  and  cannot  altogether  be  prevented 
by  the  most  careful  grinding  exercised  at  the  mills. 

We  here  give  you  large  views  of  round  card  wires :  No.  1 
carefully  ground  and  No.  2  badly  ground,  much  hooked ;  also 
a  form  of  tooth  which  will  make  the  best  carding  and  give  the 
highest  results  yet  known,  as  far  as  clothing  is  concerned,  if 
such  a  tooth  in  hardened  steel  can  be  produced. 
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BEST  FORM  OF  TOOTH 
FOR  CARDING 


Features  of  the  Card. 

Owing  to  the  length  of  my  last  paper  I  was  forced  to  com- 
press it  towards  the  end,  and  it  will  be  remembered  that  I 
merely  named  several  novel  and  valuable  features  of  construc- 
tion which  the  card  possessed.  Even  to-day  I  must  content 
myself  with  giving  as  short  a  description  of  two  only  of  the 
improvements  then  named,  with  a  fuller  description  of  two 
recent  additions,  both  of  which  are  of  great  value,  and  will,  I 
think,  when  understood,  so  present  themselves  to  your  minds. 
The  first  is  our 

New  Construction  of  Card  Cylinders, 

This  new  construction  of  carding  engine  cylinder  consists 
in  its  being  moulded  in  longitudinal  halves,  with  the  portions 
of  star  wheels  cast  in  the  ends  of  each  part  of  the  half  circles. 
Strong  flanges  run  along  each  end  of  the  halves  of  cylinder. 
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These  flanges,  and  the  arms  of  the  ''star  wheel,"  are  milled 
at  one  operation ;  the  former  tongued  and  grooved ;  the  tongued 
part  of  one  fitting  into  the  grooved  part  of  the  other.  By  the 
use  of  eight  very  strong  and  well-fitting  bolts  on  each  side, 
along  the  whole  length  of  these  flanges,  the  two  halves  of  the 
cylinder  are  firmly  secured  together.  The  cylinder  thus  con- 
structed is  then  put  into  a  special  boring  machine,  and  the 
holes  at  each  end  are  bored  with  the  same  boring  shaft  at  one 
operation.  These  holes  are  thus  made  perfectly  concentric  to 
each  other,  and  exactly  the  size  of  the  cylinder  shaft.'  That 
part  of  the  halves  of  the  "  star  wheel"  arms  adjacent  to  the 
holes,  having  been  milled  one  sixty-fourth  inch  lower  than  the 
flanges,  gives  sufficient^binding  power  for  the  holding  bolts  — 
two  on  each  side  of  the  hole  —  to  firmly  secure  the  shaft  in  its 
position  in  the  cylinder.  The  old  plan  of  moulding  cylinders  is 
by  the  use  of  a  collapsible  core  shaft,  or  mandrel,  covered  with 
loam  or  clay  to  form  the  exterior.  This  core  is  then  fixed  in 
the  centre  of  a  circular  hole — made  by  a  strickling  board,  or  in 
some  cases  by  iron  pattern — in  a  pit,  or  moulding-box,  to  give 
the  outside  form  to  the  cylinder.  The  great  difficulty  of  daub- 
ing the  loam  equal  in  thickness  over  every  part  of  the  core 
bar,  so  as  to  get  a  true  inside,  and  then,  even  if  true,  to  fix  it 
quite  in  the  centre  of  the  circular  hole,  —  this  being  necessary 
to  get  a  casting  of  uniform  thickness,  —  will  be  quite  palpable 
to  any  one  possessing  the  least  knowledge  of  the  subject.  As 
a  matter  of  fact,  many  card  cylinders  made  in  this  way,  when 
turned  up  and  finished,  are  quite  double  the  thickness  on  one 
side  compared  to  the  other.  The  total  finished  thickness  is 
usually  about  ^^  of  an  inch,  and  if  examined  they  will  often  be 
found  to  have  ^g  of  an  inch  thickness  on  one  side,  and  but  ^^  of 
an  inch  on  the  other.  With  such  a  difl'erence  in  thickness  it  is 
not  only  impossible  to  turn  up  and  finish  a  cylinder  fairly  true, 
but  there  is  sure  to  be  some  loss  of  power  also  to  the  card  in 
which  such  a  cylinder  is  put  to  work.  Another  serious  fault 
of  this  plan  of  making  cylinders  is  the  internal  and  unequal 
strain  or  tension  existing  in  different  parts  of  the   casting, 
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arising  from  the  difficulty  of  cooling  every  part  in  exactly  the 
same  space  of  time.  This  internal  strain  is  always  present  in 
all  cylindrical  castings,  and  is  well  known  to  all  practical  men. 
It  is  evidenced  by  the  breaking  of  the  arms  of  pulleys, — even 
when  these  are  made  of  an  "  S  "  shape  to  minimize  the  evil,  — 
and  other  castings  of  like  form,  at  a  very  long  period  after 
these  articles  have  been  put  to  work.  A  spinner,  who  has 
over  200  cards  at  work  in  his  mill,  asked  us  the  other  day  to 
give  him  a  reason  why  the  main  cylinders  of  his  cards,  after 
ten  or  fifteen  years'  use,  should  be  now  so  much  out  of  truth. 
He  stated  that  "  almost  all  were  found  much  out  of  truth  and 
balance,  and  yet  they  were  fairly  true  when  the  engines  were 
started." 

We  believe  that  the  above  fault,  with  the  method  of  building 
up  the  cylinder  ends  and  fitting  in  the  shafts,  fiirnishes  a  reply* 
In  the  ordinary  plan  of  building  up  a  card  cylinder  there  are 
six  joints  or  surfaces,  which  have  to  be  tooled  and  trued  by 
machine  :  first,  the  end  of  the  cylinder ;  second,  the  rim  of  the 
star  wheel  end,  which  fits  in  the  cylinder ;  third,  the  holes  in 
the  cylinder  end,  or  **  star  wheel,"  as  it  is  called,  into  which 
is  fitted  the  conical  split  bush  (this  hole  is  conical)  ;  fourth, 
the  outside  of  conical  bush ;  fifth,  inside  of  conical  bush,  which 
is  parallel ;  sixth,  the  surface  of  the  cylinder  shaft.  This  is 
parallel,  and  is  held  in  the  cylinder  by  the  split  conical  bush 
being  driven  tight  into  the  hole  of  the  star  wheel,  or  cylinder, 
end.  To  a  person  acquainted  with  the  nature  of  cast  iron,  and 
the  management  of  tools  and  men,  not  much  argument  will  be 
needed,  if  indeed  any,  to  convince  him  of  the  difficulty  in  getting 
all  these  surfaces  quite  true.  It  is  impossible  to  make  all  these 
surfaces  so  true  that  there  will  not  be  unequal  strain  in  diflbr- 
ent  parts  when  the  shaft  is  secured  by  the  conical  bush  being 
driven  home.  This  difficulty  is  acknowledged  in  the  practice 
of  sending  away  card  cylinders  with  their  shafts  fitted  in. 
Makers  know  quite  well  that  if  the  shafts  were  taken  out  after 
being  fitted  in,  as  above,  and  the  cylinders  turned  true  from 
them,  there  would  be  many  chances  against  their  going  in 
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again  exactly  as  before.  By  our  method  the  halves  of  cylin- 
ders are  moulded  from  an  iron  pattetn  made  out  of  a  smooth 
rolled  plate  of  an  equal  thickness.  The  thickening  ribs  on  the 
inside  of  the  pattern,  as  well  as  the  arms  for  the  ends,  are  all 
planed  and  of  equal  weight.  No  cores  are  used  in  moulding. 
Both  the  inside  and  outside  of  the  mould  for  the  half  cylinder, 
also  the  ends,  being  formed  by  carefully  smooth  and  balanced 
iron  pattern,  the  castings  come  out  exactly  of  an  equal  thick- 
ness. An  examination  of  the  internal  surface  of  a  cylinder 
casting  made  with  core,  and  a  comparison  of  it  with  the  internal 
surface  of  any  one  of  our  castings,  will  prove  at  once  the  value 
of  the  new  plan.  The  internal  surface  of  a  casting  made  with 
core  is  rough,  ragged  and  unlevel ;  showing  at  once  that  the 
casting  must  vary  considerably  in  thickness.  The  internal  sur- 
face of  the  one  made  from  the  iron  pattern  is  quite  smooth  and 
level,  the  lines  and  bevels  of  the  thickening  ribs  being  quite 
clear  and  distinct.'  We  have  weighed  several  of  these  cylinder 
castings,  and  find  the  most  unequal  to  vary  only  two  pounds 
in  a  five  hundred  weight  casting.  These  cylinders,  therefore, 
being  of  equal  thickness,  require  few  balancing  weights,  and 
are  finished  to  seven-sixteenths  of  an  inch.  This  thickness, 
with  a  uniform  body  of  metal,  enables  us  to  turn  up  and  finish  a 
cylinder  to  be  as  true  and  circular  as  is  possible  with  the  best 
tools  and  careful  manipulation.  This  cylinder,  being  built  of 
two  longitudinal  halves,  is  freed  from  most  of  the  internal 
strain  or  tension  largely  present  in  all  cylindrical  castings  ;  and 
hence  there  is  no  danger  of  card  cylinders  of  this  construction 
altering  their  shape,  or  working  themselves  out  of  balance  and 
truth  by  a  few  years'  use.  These  cylinders  having  the  ends 
cast  in,  with  the  holes  bored  exactly  the  size  of  the  shaft,  and 
this  shaft  secured  as  explained  above  ;  there  are  only  two  sur- 
faces —  that  of  the  parallel  hole  in  4;he  cylinder  end  and  the 
shaft  —  to  be  dealt  with.  Those,  with* the  special  machines 
we  have  designed  for  the  work,  we  can  get  quite  true.  The 
important  result  is  that  there  is  no  unequal  pressure  on 
any  part  of  the  shaft  or  hole  in  which  it  is  fitted.     After 
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^^^  of  these  cylinders  has  been  finished  we  can  take  oat  the 

^^^fLft  and  replace  it,  without  the  least  risk  of  throwing  the 

cylinder  out  of  truth.     Now,  all  the  shafts  are  taken  out  of 

uiese  cylinders,  packed  carefully  and  separately  in  a  box,  and 

'^placed  at  the  mill.     A  very  slight  knock  will  throw  a  shaft 

*^Ut  of  truth  when  fixed  in  its  cylinder,  and  it  is  next  to  impos* 

^ible  to  send  one  any  distance  without  its   receiving  much 

rough  usage  in  transit.     This  plan  of  construction,  therefore, 

enabling  us  to  send  the  shafts  carefully  packed  in  a  separate 

box,  is,  for  this  reason  also,  very  valuable. 

AiUomcUic  Oiling  Conib  Box. 

The   next  piece  of  mechanism  to  which  I  shall  but  briefly 
t^efer  is  our  patent  automatic  oiling  doffing  comb   box.     The 
Ik)x  we  had  on  our  card  at  the  Boston  exhibition  last  year  was 
xnuch  admired  for  its  design,  good  workmanship  and  steady 
"forking ;  and  we  now  have  an  addition  to  that.     To  get  1,000 
j>ounds  of  carding  through  an  engine  in  fifty-four  hours'  working, 
«nd  often  needing  a  doffer  24  inches  in  diameter  to  run  18  rev- 
olutions perminute,  the  doffing  must  be  powerful  above  its  work. 
liVe  run  this  comb  at  the  rate  of  4,000  inches  per  minute  with 
very  steady  action.     To  run  this  immense  speed  without  deteri- 
oration, the  points  of  construction  and  workmanship  must  be  of 
the  highest  class.     All  the  working  parts  in  this  box  have  good 
bearing  surfaces  made  of  cast-iron,  and  every  piece  is  carefully 
surfaced  work.     For  the  oiling,  conduits  are  cut  in  such  direc- 
tions along  all  the  frictional  parts  that  the  oil  fed  into  the  box 
flows  along  each  part  where  it  is  needed,  out  through  a  tube, 
into  a  hollow  cylindrical  box  or  reservoir.     This  box  is  attached 
to  the  spindle  which  works  the  motions  in  the  box,  and  so 
revolves  with  it.     From  this  quickly  revolving  motion  of  the 
hollow  box  the  oil  which  drips  into  it  is  thrown  by  centrifugal 
force  against  the  outside.     A  piece  of  pipe  bent  at  a  right  angle 
is  screwed  into  the  top  part  of  the  comb  box,  about  two  inches 
above  the  outlet  pipe  named  above.      This  right-angle  bent 
piece  of  pipe  is  turned,  with  its  end  or  mouth  upwards,  inside 
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the  revolving  box  carrying  the  oil,  jost  to  clear  the  rim  inside 
the  box ;  and  in  sach  a  direction  that  the  oil  is  driven  by  centri- 
fugal force  and  the  power  of  the  box's  revolution  through  the 
angle  bent  —  or  feeding  pipe,  as  it  really  b  —  back  again  into 
the  comb  box.  The  oil  is  poured  into  this  box  down  an  oil 
hole,  which  is  always  closed  up  when  the  card  is  at  work  by 
means  of  a  long  spindle  screwed  into  it  and  reaching  to  the 
bottom.  This  spindle  answers  the  double  purpose  of  closing 
up  the  oil  hole  to  keep  out  the  dust  and  is  also  a  gauge  to  test 
when  more  oil  should  be  poured  in.  The  bottom  part  of  the 
spindle  which  dips  into  the  oil  is  marked  off  in  distances. 
By  drawing  out  the  spindle,  wiping  it  dry,  putting  it  into  the 
box  and  then  withdrawing  it,  the  depth  of  oil  then  in  the  box 
will  be  marked  on  it.  These  boxes  wiU  thus  run  quite  three 
or  four  months  with  one  supply  of  oil.  Another  feature  is, 
that  not  a  drop  of  oil  works  out.  None  is  therefore  found 
trickling  down  the  sides  of  a  box,  a  serious  &ult  and  common 
to  all  others  I  have  so  far  seen. 

New  Driving  for  Card  Cylinders. 

Owing  to  a  statement  made  in  last  year's  discussion  I  showed 
a  drawing  of,  and  explained,  our  new  driving  for  card  cylinders. 
That  method  answers  its  purpose  very  well ;  but  I  bring  to 
your  notice  to-day  a  still  better  method  to  effect  the  same  end. 
By  this  new  plan  the  cylinder  is  freely  revolved  in  its  bearings 
without  being  subjected  to  the  slightest  pressure  from  any 
driving  strap.  All  side  wear  of  the  cylinder  bearings,  or 
straining  of  the  shaft  out  of  the  direct  line,  is  prevented  ;  as  well 
as  any  alteration  in  the  shape  of  the  holes  from  round  to  such 
an  elongated  form  as  would  interfere  with  a  perfectly  steady 
turning  of  the  cylinder,  or  allow  it  to  move  its  position  in  the 
bearings  to  the  detriment  of  that  "close  set"  between  the 
various  parts  of  the  card,  which  is  necessary  to  secure  and  retain 
the  highest  result.  The  elongation  of  the  hole  of  the  main 
cylinder  bearings  comes  from  two  well-known  causes  :  first,  the 
side  pull  of  the  driving  belt ;  and  secondly,  the  weight  of  the 
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main  cylinder  and  its  tendency  to  wear  or  work  its  way  in  the 
direction  of  motion. 

Another  evil,  not  so  well  known,  but  still  always  present 
and  causing  much  greater  damage  than  is  ever  imagined,  is  the 
unsteady  motion  of  the  main  cylinder  —  should  there  be  the 
least  play  in  the  bearings  —  when  putting  on  or  driving  with 
an  extra  tight  strap ;  especially  when  the  pulley  on  the  driving 
shaft  is  directly,  or  nearly,  over  the  one  on  the  main  cylinder 
of  the  carding  engine.  Considering,  therefore,  how  essential 
is  the  steady  working  of  the  cylinder,  in  order  to  procure  and 
retain  the  desired  close  setting  between  flats,  dofi*er,  taker-in 
and  cylinder;  and  how,  with  the  old  plan  of  driving,  the 
required  **  fine  set"  is  often  prevented,  owing  to  a  tight  strap, 
an  irregular  or  lumpy  piecing,  or  the  direction  of  the  pulley 
driving  belt,  etc. ;  this  new  method  which  removes  these  diflS- 
culties  will,  we  feel  sure,  be  fully  appreciated  when  once  seen 
and  understood.  This  method  of  driving,  which  is  fitted  to 
both  sides  of  the  card,  is  efi*ected  by  the  use  of  a  boss  five 
inches  in  diameter,  the  same  width  as  the  card-driving  pulley, 
and  having  a  square  flange  on  one  side  for  the  purpose  of 
screwing  it  to  that  part  of  the  card  bend  in  which  the  cylinder 
bearings  are  fixed.  This  boss,  after  being  turned  perfectly 
true  both  inside  and  out,  with  its  flange  finished  at  right  angles 
to  the  periphery,  is  then  screwed,  by  means  of  the  above- 
named  flange,  to  the  outside  of  that  part  of  the  card  bend 
which  carries  the  cylinder  bearings ;  through  which,  at  each 
side,  the  cylinder  shaft  ends,  which  carry  the  pulleys,  project. 
These  bosses  having  been  screwed  to  the  frame  sides,  so  that  the 
circles  represented  by  the  turned  parts  shall  be  perfectly  con- 
centric to  the  ends  of  the  cylinder  shafts,  it  will  be  seen  that, 
when  the  card  is  working,  the  cylinder  shaft  ends  revolve 
inside  of  them.  On  these  turned  bosses  which  have  been 
screwed  to  the  frame  side  the  driving  and  other  pulleys  rest 
and  revolve.  Every  pressure  of  any  strap,  therefore,  is 
received  by  these  stationary  bosses ;  and  in  whatever  position 
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the  driring  strap  be,  —  standing  right  overhead,  or  at  any 
other  angle,  —  the  pull  or  pressure  of  the  strap  is  not  in  any 
way  conunonicated  to  the  cylinder  shaft.  The  driving  pulley 
having  to  work  on  the  stationary  boss,  must  of  course  be  bored 
its  diameter,  —  namely,  five  inches.  This  pulley  has  a  recess 
1|  inch  by  ^  inch  deep,  planed  across  its  outside  tsLce  of  the 
inside  rim  —  that  next  to  the  boss.  The  next  piece  is  that  by 
which  the  revolution  of  the  pulley  is  communicated  to  the 
cylinder.  This  consists  of  a  clutch  or  double  armed  boss  three 
inches  long,  fitting  the  cylinder  shaft  and  having  a  key  way 
planed  in  its  length.  This  armed  boss  is  connected  with  the 
cylinder  shaft,  by  its  key  way,  through  the  key  way  let  into  the 
end  of  the  shaft ;  and,  therefore,  any  revolving  power  conamu- 
nicated  to  this  armed  boss  will  revolve  the  cylinder  itself. 
The  strap  turns  the  driving  pulley  fixed  on  the  stationary 
boss.  The  pulley's  revolution  is  given  to  the  armed  boss  by* 
the  latter  being  slid  on  the  shaft  until  these  arms  go  into  the 
square  recess  of  the  driving  pulley ;  and  so  the  cylinder  is 
driven.  The  driving  on  the  other  side  of  the  card  is  arranged 
on  the  same  plan  ;  and  so  the  cylinder  shaft  there  is  also  ft'eed 
ft-om  the  pressure  of  taker-in  and  other  straps.  There  can  be 
little  doubt  that  this  is  the  con-ect  method  of  driving  the  cylin- 
der of  a  card.  It  is  no  argument  to  say  that  the  old  plan  has 
not  shown  itself  to  be  defective.  A  careftil  examination  would 
show  it  to  be  very  faulty  ;  and  the  evil  results  of  it  would  have 
been  found  long  ago  if  people  had  known  how  and  where  to 
look  for  them.  These  and  a  few  other  faults  of  the  same  kind 
were  the  cause  of  the  old  revolving  flat  cards  producing  hith- 
erto only  about  400  pounds  carding  of  American  cotton  in  the 
same  time  in  which  our  engine  of  to-day  is  producing  over 
double  that  weight.  Evidently  there  have  been  many  changes 
somewhere.  Some  of  these  changes  are  like  our  new  con- 
struction of  carding  cylinder  already  described.  Whilst  not 
seemingly  great  in  themselves,  in  the  aggregate  they  mean  the 
attainment  of  a  large  result. 
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The  last  improvement  to  which  I  shall  call  your  attention 
to-day  is  our 

Patented  Method  of  gauging  and  adjusting  to  a  Perfect  Con- 
centricity the  Internal  Circle  represented  by  the  Wire  of  the 
Flats  with  that  of  the  External  Wire  Surface  of  the  Main 
Cylinder* 

This  is  one  of  the  most  valuable  developments  of  this  class 
of  card  ever  introduced,  and  I  solicit  your  careful  attention 
to  it. 

To  be  able  to  deteimine  (at  any  time  during  the  life  of  a 
revolving  flat  carding  engine)  by  the  expenditj^re  of  only  a  few 
minutes'  labor,  when  the  internal  circle  line  represented  by  the 
wire  of  the  flats  is  perfectly  concentric  with  that  of  the  wire 
surfiwe  of  the  carding  cylinder,  is  a  power  which  we  are  quite 
certain  every  practical  carder  has  often  wished  for  and  felt  the 
need  of.  If  to  this  power  of  easily  determining  the  position 
of  these  two  circles,  in  relation  to  each  other,  could  have  been 
added  that  of  easily  adjusting  them  to  be  perfectly  concentric^  it 
is  hardly  conceivable  with  how  much  pleasure  the  careful  mana- 
ger, carder,  or  student  of  carding  and  cotton  spinning,  would 
have  welcomed  this  new  power  which  had  thus  been  placed  in  his 
hands.  During  our  own  labors  and  researches  in  connection  with 
this  important  operation  we  have  often  felt  the  need  of  the  power 
we  now  mention  ;  and  since  we  began  to  make  and  offer  card- 
ing engines,  have  always  felt  dissatisfied  with  ourselves  when 
replying  to  the  question  so  often  asked,  "  IIow  can  you  tell 
when  the  two  circles  are  concentric  ? "  that  we  had  no  better 
answer  to  make  than,  "By  adopting  the  general  method, — 
that  of  pressing  on  a  flat  here  and  there  round  the  cylinder 
when  the  card  is  at  work,  in  order  to  judge  of  its  distance 
from  the  revolving  wire  surface,"  etc. 

Such,  indeed,  is  the  method  which  has  been  generally 
adopted  for  determining  the  set  and  concentricity  of  the  flats 
of  a  revolving  flat  card  since  the  day  it  was  introduced  up  to 
the  present  time.     Any  one  who  has  studied  the  subject  knows 
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quite  well  that  this  plan  is  but  a  ** rule  of  thumb"  process  — 
a  groping  in  the  dark,  comparatively,  or  sort  of  guessing  dis- 
tances method,  rather  than  knowing  by  a  positive  gauging 
and  measurement.  Many  times  have  we  heard  of  practical 
men  complaining  of  the  unsatisfactory  result  of  their  labors 
expended  in  setting  the  flats  of  this  particular  card ;  and  al- 
though something  more  certain  has  often  been  anxiously 
desired,  it  has  not,  up  to  now,  been  produced.  A  little  thought 
will  show  good  reason  why  a  positive  means  of  determining 
the  distance  and  concentricity  of  the  flats  in  relation  to  the 
carding  cylinder  has  not  until  now  been  discovered.  A  scien- 
tific plan  of  setting  such  as  we  now  present,  in  connection 
with  our  own  card,  is  not  possible  with  any  other,  all  of  which 
have  their  bends,  on  which  the  flats  slide,  made  as  separate 
pieces,  and  attached  to  the  frame  sides ;  the  circle  of  which 
bends  are  expanded  and  compressed  by  **  setting  screws;" 
which  *'  setting  screws"  are  often  fitted  with  discs,  worm  and 
wheel,  etc.  The  present  "  rule  of  thumb"  method  of  setting 
the  flats  and  determining  their  distance  and  concentricity  in 
relation  to  the  cj-linder  surface,  when  the  cards  are  at  work, 
has  been  so  far  used,  and  will  continue  to  be,  on  all  cards  like 
those  named  above,  because  in  setting  them  no  other  plan  can 
be  employed.  According  to  an  old  physiological  law,  **  like 
produces  like " ;  and  the  same  thing  is  true  in  mechanical 
science.  Error  produces  error.  Given  an  unscientific  and 
erroneous  mechanical  construction,  and  an  uncertain,  faulty 
and  *'  rule  of  thumb"  practice  is  the  result.  With  the  circles 
on  which  the  flats  slide  attached  to  the  frame,  and  compressed 
or  expanded  by  their  six  or  ten  "setting  points,"  there  are 
several  obstacles  in  the  way  of  employing  any  other  means 
than  that  now  adopted,  viz.,  pressing  on  several  flats  round 
each  side  of  the  working  cylinder,  to  determine  their  concen- 
tricity and  set.  It  is  quite  impossible  for  any  one,  however 
skilful,  to  take  in  and  let  out  all  the  six  or  ten  **  setting 
points  "  exactly  to  give  the  same  expansion  or  compression  of 
the  '*  bend."     Neither  does  the  employment  of  discs  afford  any 
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positive  knowledge  of  how  much  the  bend  will  be  expanded  or 
contracted  at  a  certain  point  when  th^  card  is  fitted  up  for 
work,  and  all  the  weight  of  the  flat^  is  on  the  circle.  Add  to 
this  the  irregular  wearing  of  the  bend  itself  on  account  of 
varying  pressure  on  certain  parts,  —  the  trouble  caused  by 
complication  through  the  necessary  use  of  so  many  joints ; 
the  deflection  by  the  weight  of  the  flats  between  the  '*  setting 
points,"  —  and  the  need  of  determining  the  concentricity  and 
set  by  pressing  on  several  of  the  flats  around  each  side  of  the 
cylinder  is  at  once  made  plain.  With  this  construction,  and  its 
inevitable  plan  of  setting,  each  side  of  the  bend  may  have  a 
different  relation  of  eccentricity  to  its  own  side  of  the  carding 
cylinder;  hence,  the  necessity  of  trying  to  determine  the 
concentricity  in  the  manner  already  explained.  Nor  would 
anything  be  gained  if  the  carder  went  to  the  trouble  of  taking 
oflf  a  few  flats,  at  several  points,  around  each  side  of  the  card, 
and  set  at  each  point  to  a  gauge ;  simply  because  the  bends, 
being  **  flexible"  (having  so  many  joints,  ''setting  points," 
etc.),  are  placed  by  vibration,  and  a  certain  strain  caused  by 
revolving  the  flats,  in  quite  a  diflerent  relation  with  respect 
to  the  cylinder  surface  when  the  card  is  working,  from  that 
in  which  they  are  found  when  the  machine  is  at  rest.  By 
adopting  the  method  we  now  offer,  any  chance  of  the  two 
circles  being  eccentric,  or  an  indefinite  '*  set,"  is  reduced  to  a 
minimum ;  indeed,  perfect  concentricity  can  be  secured,  and 
from  this  a  definite  distance-working  *'set"  can  be  given  to 
every  flcU  round  each  side  of  the  cylinder  by  gauging  one  flat 
""only  (any  one  on  the  top  of  the  bend)  and  setting  it,  while 
the  card  is  at  rest,  at  the  proper  distance  from  the  cylinder  wire* 
In  order  to  obtain  this  measurable  concentricity  and  retainable 
close  **set"  for  every  flat  round  the  cylinder,  and  to  secure 
this  with  little  labor  at  any  time  during  the  life  of  a  card,  we 
must  have  true  and  unalterable  foundations  or  premises  to 
build  upon ;  and  to  these  true  and  unalterable  parts  or  prem- 
ises we  must  be  able  at  any  time  to  return  with  facility,  and 
take  our  •*  soundings  "  or  measurements,      K  my  description 
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of  our  "  non-flexible  bend,"  given  in  last  year's  paper,  can  be 
partly  remembered,  it  will  the  better  enable  you  to  understand 
my  description  of  this  plan  of  gauging  the  concentricity  of 
the  two  circles.  I  will,  however,  describe  it  so  that  I  think  it 
will  be  understood ;  especially  as  I  shall  at  the  end  of  this 
paper  exhibit  it  by  drawings. 

Revolving  flat  carding  engines,  until  the  invention  of  our 
card,  were  always  built  up  of  three  pieces ^  viz.,  the  pedestal 
for  carrying  cylinder  bearings,  the  frame  side,  and  the  **  flexi- 
ble bend."  In  our  own  machine  only  one  piece  is  employed, 
i.  6.,  the  frame  side  being  made  to  answer  the  three-fold 
purpose.  This  frame  side,  after  being  planed  for  the  purpose, 
and  fitted  with  the  special  metal  cylinder  bearings,  which  are 
bored  to  template,  is  then  turned,  on  the  top  to  form  the  path 
on  which  the  flats  slide,  and  on  its  outside  for  the  purpose  of 
attaching  thereto  the  various  brackets,  from  a  mandrel  fitted  in 
the  hole  in  which  the  card  cylinder  works.  After  this,  in  order 
to  make  perfectly  true  the  section  of  the  circle  on  which  the 
flats  are  to  work,  the  frame  or  *'  bend"  is  put  into  a  special 
grinding  machine ;  being  mounted  on  a  hardened  and  trued 
steel  mandrel,  fitting  exactly  the  hole  of  cylinder  bearings ;  and 
from  this  is  ground  as  true  as  a  template ;  and,  indeed,  each 
bend,  when  finished,  is  fit  to  be  used  as  such.  A  little  thought 
on  the  above  construction  will  show  that  we  have  now  finished 
the  top  of  the  frame  on  which  the  flats  slide  to  a  perfect  section 
of  the  circle,  which  circle  must  be  concentric  to  the  mandrel  on 
which  it  has  thus  been  finished ;  and  concentric,  therefore,  to 
the  cylinder  shaft  which  is  to  work  in  the  same  hole,  as  well  as 
concentric  to  the  main  cylinder  itself. 

It  will  now  be  necessary  to  refer  back  to  the  **  stationary 
bosses"  used  in  connection  with  our  new  driving  already 
described.  These  "stationary  bosses,"  it  will  be  seen,  are 
screwed  to  the  frame  sides,  and  the  ends  of  the  cylinder  shaft 
project  through  the  inside  of  them.  Outside,  these  bosses  are 
turned  for  the  driving  pulleys  to  work  upon.  They  have  in- 
side, contiguous  to  the  outer  edge,  a  narrow  projection ;  and 
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this  is  bored  to  a  certain  templet  size.  In  securing  the  '*  sta- 
tionary bosses"  to  each  side  of  the  frame  we  use  a  double 
gauging  template, — ''he"  and  ''  she"  in  one,  — the  outside  of 
which  is  stepped  with  ten  sizes  or  diameters.  The  largest  of 
these  diameters  fits  the  inside  of  the  bosses ;  the  inside  fitting 
the  ends  of  the  cylinder  shaft.  We  fasten  the  bosses  by  screws 
and  then  secure  by  steady  pins ;  so  as  to  have  their  insides  per- 
fectly concentric  to  the  cylinder  shaft.  Now  we  have  shown 
that  by  construction  the  cylinder  shaft-ends,  and,  therefore,  the 
cylinder,  are  concentric  to  the  section  of  the  circle  on  which  the 
flats  slide  ;  and  as  the  insides  of  the  bosses  are  concentric  to  the 
shaft-ends,  they  must  also  be,  therefore,  concentric  to  the  sec- 
tions of  the  circles  of  the  bends.  The  sections  of  these  circles, 
with  the  insides  of  the  stationary  boxes,  now  secured  to  be 
perfectly  concentric  to  them,  form  our  method  of  testing  con- 
centricity ;  and  these  are  the  unalterable  prenfiises^  or  truly  fixed 
parts,  to  which  we  can  at  any  time  easily  refer  to  take  our 
soundings  and  measurements. 

All  our  cards  when  sent  out,  before  any  wear  has  taken 
place  in  the  cylinder  bearings,  will  be  found  to  have  the  three 
circles  —  the  **bend,"  or  path  on  which  the  flats  travel,  the 
inside  of  the  stationary  bosses,  and  the  cylinder  shaft, — there- 
fore the  cylinder  surface  — perfectly  concentric  to  each  other. 
Having  now  the  essentially  primary  conditions,  or  trued,  fixed 
parts,  we  can  at  any  time  make  the  most  perfect  set  possible 
between  the  flats  and  the  cylinder.  Using  the  double  gauging 
template,  we  put  this  on  the  shaft  ends,  and  press  it  forward 
until  its  largest  diameter  enters  the  inside  of  the  stationary 
bosses.  This  proves  the  concentricity  of  the  bends,  or  wire 
sur&ce  of  the  flats,  with  that  of  the  main  cylinder.  The  circles 
of  the  bend  must  now  be  graduated  by  using  the  required 
thicknesses  of  the  steel  ribbons,  until  we  have  the  flats,  or  one 
particular  flat  ^  over  the  top  of  the  main  cylinder ;  because  now 
this  represents  the  whole  series  at  the  closest  possible  work- 
ing distance.  The  three  parts  used  for  gauging  are  unalter- 
able, because  they  are  not  working  parts.     There  cannot  there- 
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fore  be  any  wear  upon  them ;  and  they  will  remain  the  same  in 
relation  to  each  other  as  long  as  the  card  exists.  The  tops  of 
the  circles,  or  bends,  are  protected  by  the  hardened  steel 
ribbons;  the  inside  of  the  "stationary  bosses '^  Ls  never 
touched  by  anything  save  the  concentricity  gauges ;  and  that 
part  of  the  cylinder  shaft  ends  on  which  the  gauge  is  placed  is 
not  subjected  to  wearing  friction. 

Owing  to  the  employment  of  our  new  driving,  the  **  bends" 
in  relation  to  the  cylinder  can  become  eccentric  in  two  direc- 
tions only, — either  through  the  cylinder  having  fallen,  from 
some  wear  of  the  bearings,  or  on  account  of  its  having  been 
raised  by  using  the  pedestal  screws ;  for  we  shall  employ  these 
latter  up  to  a  certain  point  for  setting,  as  explained  in  my  last 
year's  paper.  We  have  now,  however,  brought  science  to  our 
aid.  By  its  light  we  can  tell  exactly  how  the  vital  parts  of 
the  card  stand  in  relation  to  each  other,  and  so  be  directed  in 
our  practice.  Not  only  do  we  know  now  whether  one  circle 
is  eccentric  to  the  other,  but  we  know  how  miLch,  frora  whcut 
cause,  in  what  direction;  and  can  read  off  the  exact  anu>unt  on 
the  testing  or  indicating  gauge.  This  gauge,  it  has  been 
stated,  has  ten  sizes  or  diameters,  each  differing  in  size  pro- 
gressively by  ^^^,  and  each  step,  or  half  a  diameter,  ^-^j^j^  of 
an  inch.     Now,  a  movement  of  the  pillar  pedestal  screw  of  one 

line  on  the  disc  raises  the  cylinder  y7j^(jtf  ^^  *^  ^^^  >  *'^^  ^® 
tempered  steel  ribbons  used  for  altering  the  diameter  of  the 
''  bend  "  vary  in  thickness  from  each  other  jxiW  ^^  ^^  moh  — 
that  is,  a  ribbon  No.  23  is  thinner  by  y^^  of  an  inch  than  a 
No.  24. 

For  the  sake  of  showing  how  these  scientific  premises  ^pro- 
duce a  reliable  practice,  let  us  suppose  a  case  where  a  carder 
has,  when  starting  one  of  our  cards,  made  as  perfect  a  *'  set" 
as  the  varying  deflection  of  the  flats,  owing  to  internal  strain, 
will  allow,  —  such  a  "set  "  as  we  have  described  above,  grad- 
uating the  circles  in  almost  infinitesimal  quantities  by  the  use 
of  the  tempered  steel  ribbons,  until  all  the  flats  are  the  nearest 
possible  working  distance  fi'om  the  card  cylinder.     In  working 
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this  card,  say  for  twelve  months,  the  carder  has  found  it  nec- 
essary to  turn  his  pedestal  screws,  raising  the  cylinder  four  lines 
as  indicated  by  the  disc,  —  that  is,  ^ijVtj  ^^  *"  inch.    Now,  if  this 
man  has  grasped  the  science  of  our  method,  the  fact  of  his  hav- 
ing to  turn  the  pedestal  screws  (and  thus  raise  the  cylinder 
these   four   lines)  will   tell   him   that  in  this  twelve   months' 
working  of  the  card  one  of  two  things  has  happened,  —  either 
the  bearings  have  worn  four  lines,  or  a  portion  of  this  quantity ; 
or  the  wire  of  flats  and  cylinder  have  been  ground  away  so 
much,  or  a  portion  of  it.     To   determine  this,  he  takes  the 
puUeys  oflfeach  side  of  the  card,  and   applies  the   concentric 
indicator-gauge,  which  at  once  shows  him  what  has  happened. 
If  the  bearings  have  worn  the  distance  of  the  four  lines  which 
the  pedestal  screws  have  been  raised,  the  largest  diameter  of 
the  indicator-gauge  marked  *' concentric"  will,  when  slid  on 
the  cylinder  shaft,  enter  the  '*  stationary  bosses  "  just  as  it  did 
when  starting  the  card  twelve  months  ago ;  and  will  prove,  as 
then,  that  the  two  circles  are  perfectly  concentric.     The  four 
lines  which  the  pedestal  screws  have  been  raised  in  this  case 
compensate  for  this  amount  of  wear  which  has  taken  place  in 
tbe  cylinder  bearings.     If  wear  of  the  wire  of  the  flats  and 
cylinder  clothing,  or  a  portion  of  each,  has  taken  place  to  the 
extent  of  the  four  lines,  size  or  diameter  on  indicator-gauge 
No.  4,  only,  will  enter  the  *'  stationary  bosses"  ;  and  the  pro- 
jecting ledge  of  size  No.  3  will  impinge  on  the  top  part  of  the 
"stationary  bosses."     K  the  bearings  have  worn  two  lines,  and 
the  wire  of  cylinder  and  flats  the  other  two,  size  or  diameter 
No.  2  of  the  indicator-gauge  will  enter  the  bosses,  and  the 
ledge  of  No.  1  will  impinge  on  the  top  of  them.     In  the  same 
way,  if  any  wear  of  the  cylinder  bearings  should   ever  take 
place  in  any  other  direction,  this  wear  can  always  be  known 
by  a  few  minutes'  examination.     There  is  no  longer  any  need 
of  speculation  as  to  how  much  the  wire  is  being  ground  away, 
or  how  much  the  cylinder  bearings  are  wearing,  because  it  can 
all  be  determined  easily ;  and  hence  it  will  be  seen  that  this 
method  gives  an  immense  power  to  the  carder,  by  indicating 
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what  is  taking  place  in  the  most  vital  parts  of  the  machine 
during  its  working.  To  prevent  this  most  important  portion 
of  cotton-spinning  machinery  from  falling  into  the  state  in 
which  it  is  so  often  found,  —  a  state  once  described  by  a  prac- 
tical cotton  spinner  as  one  of  **  seemingly  unredeemable  and 
not-to-be-understood  complication,  with  the  consequent  loss 
and  bad  quality  of  production,"  —  this  method,  we  are  quite 
confident,  will  be  of  exceeding  great  value ;  and  when  properly 
understood,  no  doubt  will  be  regarded  as  a  great  advance 
towards  the  most  scientific  carding 

Before  drawing  this  paper  to  a  close  let  me  ask  your  atten- 
tion to  the  practical  result  of  the  combination  in  one  machine 
of  our  many  improvements  in  cards  and  carding  appliances, — 
of  which  only  the  principal  ones  have  been  explained,  — as 
exhibited  in  the  new  small  model  card  of  which  I  now  invite 
examination  and  criticism.  The  idea  of  making  a  small  card 
had  been  slumbering  in  our  minds  for  some  time  before  I  vis- 
ited your  country  in  May  last.  On  account  of  what  I  saw  at 
that  visit,  and  as  a  result  of  conversation  with  a  few  of  your 
cotton  spinners,  the  small  card  idea  received  an  impetus  and 
was  put  in  hand.  Though  we  never  had  a  doubt  in  our  own 
minds  as  to  the  result  this  card  would  produce,  we  always  make 
a  point  of  gaining  knowledge  from  our  own  and  other  people's 
experience,  before  giving  stated  results  for  any  machine  we  pro- 
duce and  recommend.  Many  people  would  not  credit  on  our 
word,  without  the  proof  of  actual  test,  that  a  machine,  standing 
in  about  two-thirds  of  the  space  of  the  modem  revolving  flat 
cards  you  are  now  working  here,  would  produce  at  least  30 
per  cent,  or  40  per  cent,  more  work.  It  is  most  difficult  for 
practical  men  to  believe  that  of  the  two  machines,  each  well 
made,  and  to  a  casual  eye  seemingly  of  the  same  construction, 
the  first  will  turn  ofi*  almost  one-third  more  work  than  the  second, 
of  quite  equal  quality.  As,  in  this  instance,  moreover,  the  greater 
production  is  obtained  at  half  the  expense  of  labor  and  atten- 
tion in  comparison  with  that  spent  upon  the  small  result,  one 
might  as  well  expect  a  person  to  put  away  his  ordinary  busi- 
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ness  judgment  as  to  give  credit  to  such  figures  without  the 
proof  of  actual  experience.  Within  the  last  three  months 
these  cards  have  been  put  to  work  with  even  a  better  produc- 
tion than  this*;  and  hence  we  have  the  proof  from  experimental 
test  which  we  required  ;  and  so  can  give  you  our  word  upon  the 
results  to-day.  The  space  in  which  a  modem  card  stands,  one 
to  card  a  lap  from  a  40-inch  wide  picker,  is  given,  on  a  circular 
of  the  machine  agent,  as  10  feet  4  inches  by  5  feet  10  <nches 
over  all,  with  fiill  lap  of  cotton  in.  This  card  of  which  I  now 
speak,  to  card  the  same  width  of  lap,  stands  in  a  space,  over  all, 
with  full  lap  of  cotton  in,  of  8  feet  by  5  feet.  One  takes,  there- 
fore, about  60  square  feet  of  space,  and  the  other  40  square 
feet.  Instead  of  a  cylinder  50  inches  in  diameter  we  have  one  but 
40  inches ;  and  a  dofier  16  inches  in  place  of  24  inches.  This  card 
carries  112 flats  each,  with  1^^ inches  width  of  wire;  of  which 
44  ai*e  in  operation.  The  taker-in  is  9  inches,  like  the  one  on 
the  large  sized  card.  We  are  making  these  cards  44^  inches 
wide,  to  work  a  45-inch  lap*;  that  is,  a  lap  from  a  50-inch 
picker ;  37  inches  for  a  lap  from  a  40-inch  picker ;  and  33  inches 
wide,  to  card  a  lap  from  a  36-inch  picker.  This  latter  card  will 
stand  in  about  the  same  space  as  one  of  your  small  American 
cards ;  and  will  produce  800  pounds  of  excellent  carding  in 
sixty  hours,  using  low  middling  cotton ;  grinding  of  wire 
twice  each  year ;  stripping  cylinder  and  dofter  three  times  each 
week.  At  last  year's  discussion  it  was  suggested  that  such 
large  productions  were  not  advisable,  because,  having  regard  to 
quality,  such  productions  could  not  be  kept  up.  It  will  be 
remembered,  however,  that  the  speaker  put  his  proposition  on 
this  head  in  a  half-doubting,  very  uncertain  way,  like  a  man 
not  knowing  his  subject ;  or,  knowing  it,  feeling  that  he  could 
not  with  safety  recommend  such  a  result  from  the  machine  he 
had  in  mind ;  knowing  at  the  same  time  that  he  could  not  with 
truth  deny  such  productions  from  the  Ash  worth  card.  It  was 
an  attempt  at  seeming  wise  by  saying  nothing,  or  equal  to 
nothing.  Nothing  was  expressed  but  a  number  of  doubting 
ideas,  which  would  serve  the  double  purpose  of  leaving  an 
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opportunity  afterwards,  if  such  and  such  things  came  forth 
as  results  from  the  card  represented,  to  recommend  such  pro- 
ductions as  were  then  in  question  on  the  one  hand ;  and,  on 
the  other,  if  my  statements  of  what  our  machine  would  pro- 
duce in  this  country  should  turn  out  ^  fiasco  y  give  him  a  chance 
of  going  to  the  unfortunate  users  of  the  Ashworth  cards  to 
express  his  grief  and  sorrow  at  their  unfortunate  position,  with 
a  solemn  shake  of  the  head,  meaning  *'  I  told  you  so  " ;  remind- 
ing them  that  they  had  been  timely  warned  against  believing 
in  exaggerated  results,  etc.  In  my  statements  as  to  the  quan- 
tity which  one  of  our  cards  will  produce  I  was  very  positive  and 
confident ;  and  every  new  trial  gives  fresh  proof  that  our  con- 
fidence has  a  solid  foundation.  I  do  not  consider  that  there  is 
any  necessity  for  a  man  to  make  doubtful  statements,  or  feel  his 
way,  if  he  knows  his  subject.  True  science  knows  no  doubt. 
It  is  the  guiding  light ;  and  hence  there  can  be  no  groping  in 
the  dark  as  to  results.  We  have  worked  in  scientific  lines 
throughout  for  our  improvements  io  clothing,  and  in  the  machine 
itself;  and  so  know  what  will  come  forth  as  the  result  of  our 
labors.  I  therefore  appear  before  you  to-day  with  fresh  assur- 
ances that  my  statements  as  to  production,  and  the  little  labor 
required  to  keep  the  cards  working,  made  at  your  last  meeting, 
can  now  be  verified  by  an  additional  number  of  users.  This 
being  the  case,  what  can  be  said  of  the  so-called  ' '  high  price"  of 
the  Ashworth  card  ?  This  we  contend  is  not  a  fair  way  to  put 
the  case.  What  will  the  card  do  for  its  price,  and  what  does 
its  work  cost,  compared  with  that  of  any  other  machine? 
These  are  the  proper  tests  of  dearness  or  cheapness.  For  a 
given  weight  of  yarn  we  can  do  the  work  as  cheaply  as  any 
other  firm,  indeed  at  a  less  price ;  especially  with  the  small 
model  card,  considered  in  its  proper  light.  We  put  in  a  less 
number  of  engines ;  but  a  spinner  wants  them  only  on  account 
of  their  capacity  for  work.  Our  motto  is  **  efficiency  *' ;  con- 
densation, so  to  speak,  not  quantity.  What  spinner  wants  60 
carding  engines  if  he  can  have  his  cotton  quite  as  well  carded 
by  44  or  46  ?     Would  a  business  man  prefer  to  employ,  say, 
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nine  men  to  do  a  certain  amount  of  labor  for  one  hundred 
dollars,  if  he  could  have  the  same  work  done  by  six  men  for 
the  same  money  ?  Experience  teaches  also  that  the  quality  of 
the  work  in  the  latter  case  would  be  better  than  the  former, 
hecaase  the  extra  quality  comes  from  superior  skill,  care  and 
therefore  **  efficiency";  and  **  efficiency"  in  such  cases  means 
qnality. 

Consider,  now,  for  a  few  minutes  —  providing  my  assertion 
^  true  as  to  the  capacity  of  this  small  card  for  work  —  what  a 
^^^t  saving  would  be  effected  in  some  of  your  mills  by  its 
*^option.     Let  us  assume  the  quantity  of  yam  required  per 
^^ek  of  60  hours  is  50,000  pounds ;  counts  32s  warp  to  44s 
^'ling;   cotton  fiur  middling.     Let  us  take  the  33-inch  wide 
^^id,  which  stands  in  a  space,  over  all,  of  8  feet  by  4  feet 
inches,  and  works  a  34-inch  wide  lap  made  on  your  36-inch 
dicker.     Seventy  of  these  small  33-inch  wide  cards  would  give 
^*4^e  weight,  allowing  ample  for  waste,  for  the  50,000  pounds 
^^T  yam.     Only  two  men  would  be  required  to  do  what  strip- 
^^ing,  grinding,  and  oiling  is  needed ;  and  supposing  the  cards 
"to  be  in  one  room,  and  take  up  two  rows,  the  back  row  being 
Against  the  wall :  the  total  space  taken  up  for  these  cards, 
blowing  fiill  working  passages,  would  only  be  206  feet  by  22J^ 
leet ;  or  equal  to  4,635  square  feet.     To  do  the  above  work 
i?ith   37-inch  wide   cards,  those   working  laps   from   40-inch 
pickers,  about  62  cards  would  be  needed,  and  would  in  two 
rows  occupy  a  space  of  187  feet  by  22^  feet,  or  equal  to  4,207 
square  feet.     If  the  cards  44  inches  wide   to  work  laps  from 
50-inch  pickers  were  used,  52  would  do  the  work,  and  these 
would  stand  in  a  space  of  179  feet  by  22^  feet,  or  equal  to 
4,027  square  feet.     If  you  will  compare  the  figures  here  given, 
the  number  of  cards  to  do  the  work,  the  comparative  space 
taken  up,  the  immense  saving  in  labor, —  which  is  the  most 
costly,  viewed  in  the  light  of  its  disturbing  influence  on  the 
uniformity  of  production,— you  will  see  the  question  is  a  large 
and  pressingly  important  one.     Let  me  give  you  another  com- 
parison, which  is  interesting  because  it  is  against  the  famous 
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**  Oldham  double  card,"  sarcastically  called  by  a  cotton  spin- 
ner of  my  acquaintance  the  *'  Oldham  double  elephant."  One 
of  these  to  work  a  lap  from  a  50-inch  picker  would  occupy 
a  space  over  all  of  15  feet  2  inches  by  7  feet  5  inches,  or  equal 
to  112  square  feet.  To  produce  60,000  pounds  in  54  hours, 
cotton  and  counts  as  above,  70  of  such  cards  would  be  required, 
taking  a  space  in  room,  —  two  rows,  —  with  working  passages, 
of  299  feet  by  36  feet  6  inches,  or  equal  to  10,913  square  feet. 
These  would  require  12  strippers  and  grinders.  Sixty  of  our 
small  model  cards  would  do  the  same  work,  give  a  better  qual- 
ity of  production,  and  occupy  a  space  only  of  206  feet  by  22 J 
feet,  or  equal  to  4,635  square  feet,  two  men  would  do  all  the 
stripping,  grinding,  oiling,  etc.,  and  not  more  than  one-tenth 
of  the  oil,  strapping,  etc.,  would  be  required  when  compared 
to  the  former  case. 

I  here  beg  to  name  the  most  remarkable  thing  ever  experi- 
enced in  connection  with  cotton  spinning.  A  mill  in  England 
has  65  of  our  44-inch  wide  cards,  producing  78,000  pounds  of 
yarn  in  60  hours.  The  yarn  is  20s  to  40s,  cotton  about  low 
middling.  These  cards  had  worked,  when  I  left,  three  months, 
and  not  a  single  cylinder  or  doffer  had  in  that  time  ever  been 
stripped.     The  yam,  also,  is  the  best  possible  quality. 

Again,  let  me  now  ask  your  free  criticism  of  this  small 
model  card  upon  its  own  merits,  taking  for  the  present  no 
heed  of  the  pessimist  prophecies  which  have  already  been 
uttered  on  both  sides  of  the  water  respecting  it.  One  machine 
maker  in  England  has  been  very  industrious  already  in  report- 
ing that  **  Ash  worth  has  just  come  from  America,  and  brought 
a  small  model  card,  a  type  we  have  tried  and  discarded  years 
ago."  Your  western  breezes  have  also  wafted  across  to  us 
such  expressions  as  "absurd,"  *'  ridiculous,"  and  the  like  as 
applied  to  this  idea.  With  respect  to  the  machine  maker 
named  above,  —  our  discarding  friend,  —  I  just  wish  to  remind 
him  through  this  paper  that  *'  discarding"  is  his  strong  point, 
for  he  is  compelled  to  discard  more  than  he  can  afford  to 
stick  to.     As  to  this  idea  being  ''  absurd,"  or  ''  ridiculous," — 
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well,  we  shall  see  what  we  shall  see.  We  are  quite  used  to 
these  polite  expletives ;  because  the  like,  and  much  stronger 
expressions  have  been  used  in  connection  with  every  step  of 
progress  we  have  taken.  There  is  an  old  saying,  '«  never 
prophesy  unless  you  know."  My  last  part  of  this  paper  shall 
be  a  prophecy,  nevertheless.  This  ''absurd"  card  will  be  as 
phenomenal  a  success  as  anything  we  have  ever  introduced, 
and  the  pessimist  prophets,  before  twelve  months  have  passed, 
after  having  spent  a  large  amount  of  power  to  keep  it  out  of 
the  market,  will  do  as  they  have  hitherto  done,  be  compelled 
to  turn  round  and  follow,  doing  their  utmost  to  copy,  without, 
as  they  think,  falling  under  the  lash  of  the  law. 

Mr.  Ashworth  with  the  aid  of  a  full-sized  model  then  ex- 
plained the  new  driving  and  concentric  testing  method. 

Mr.  DoBSON.  Will  you  tell  me  if  that  driving  is  Dugdale's 
patent  ? 

Mr.  AsirwoRTH.   Yes.   It  was  offered  to  us,  and  we  bought  it. 

Mr.  DoBSON.     It  was  offered  to  us,  and  we  didn't, 

Mr.  Ashworth.  Yes,  I  know,  and  to  Iletherington  also ; 
and  while  you  were  thinking  about  it  we  bought  it  over  your 
heads.  [Laughter.]  Unlike  many  firms,  Mr.  Dobson,  we  either 
invent  or  purchase  an  invention.  Nearly  always  we  invent 
our  improvements.  If  out  of  consideration  for  us  you  left 
Dugdale's  patent  I  thank  you  earnestly  for  it.  We  are  glad 
we  bought  it ;  you  are  pleased  yoA  didn't.     Both  are  happy. 

Mr.  Alfred  Clarke.  We  have  listened  to  Mr.  Ashworth 
and  to  Mr.  Dobson  on  this  matter  of  carding,  and  the  results 
have  been  given  to  us  in  the  first  person  singular.  I  have 
done  this  and  I  have  done  the  other,  they  say.  I  object  to  this, 
inasmuch  as  I  think  it  ought  to  be  **  we."  Now,  I  think  the 
lapper  manufacturers  have  something  to  do  with  these  excel- 
lent results  that  are  obtained  by  the  English  carding.  I 
would  like  to  know,  and  I  would  ask  of  Mr.  Ashworth  or  of 
Mr.  Dobson,  whether  the  results  obtained  from  these  cards 


110 

would  be  the  same,  providing  the  laps  varied  two  ounces?  Of 
course  I  don't  believe  there  is  any  American  manufacturer  of 
lappers  who  would  allow  a  variation  of  two-tenths  of  an  ounce. 
At  the  same  time  I  would  like  to  ask  them  what  part  the 
picking  and  preparation  of  the  cotton  plays  in  the  results 
obtained  from  these  cards;  and,  also,  before  Mr.  Ashworth 
sits  down,  I  should  like  to  have  him  tell  us  what  particular 
system  of  picking  he  recommends  to  obtain  the  results  that  he 
clahns  from  his  card. 

Mr.  Ashworth.  I  don't  know  anything  about  picking,  and 
I  will  leave  that  to  Mr.  Dobson.  Mr.  Dobson  understands  it 
and  I  don't,  and  I  never  speak  on  a  subject  I  don't  understand. 
[Laughter.] 

Mr.  Dobson.  You  are  kind  enough  to  allow  me  the  oppor- 
tunity of  speaking  in  reply  to  Mr.  Ashworth.  I  shall  not 
detain  you  very  long,  for  I  am  very  hungry.  [Laughter. ]  But 
Mr.  Ashworth  misunderstood  me  if  he  imagined  I  said  at  any 
time  the  cylinder  was  covered  with  tufts  of  cotton,  applying 
that  word  as  mine  instead  of  films.  I  did  my  best  to  make  it 
clear  that  there  were  very  few  fibres  in  the  working  part  of  the 
cylinder  at  any  one  time  when  the  card  was  at  work.  I  don't 
know  as  I  care  to  follow  what  Mr.  Ashworth  has  said.  I  am 
perfectly  willing  to  let  my  paper  stand  against  his  paper  and 
the  remarks  he  has  made,  and  allow  the  judgment  of  individ- 
uals to  decide  what  is  right.  I  do  not  profess  to  perform  any 
miracles,  and  I  do  not  profess  to  be  infallible,  but  I  gave  as 
far  as  I  could  my  own  ideas,  and  you  will  see  from  what  I 
have  done  that  it  has  not  been  hurriedly  done,  but  that  it  has 
required  a  great  deal  of  thought.  I  will  say  that  I  may  back 
up  my  own  opinion  by  this  report,  which  is  taken  from 
L* Industrie  Textile^  which  is  published  in  Paris, — the  Decem- 
ber number,  1886.  I  will  read  the  closing  paragraphs,  for  I 
think  it  will  substantiate  my  opinion,  and  Mr.  Ashworth  may 
find  it  advisable  to  pay  attention  to  it,  if  not  to  what  I  say. 

Speaking  of  the  Ashworth  card  clothed  with  side-ground 
wire,  it  says  :  — 
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It  seems  to  break  the  fibres,  especially  the  longest  ones ;  because 
after  the  card  has  been  running  a  short  time  all  the  polished  surfaces 
become  covered  with  an  impalpable  powder,  a  sort  of  fluff  coming 
from  the  broken  fibres.  Also,  the  different  experiments  made  on  this 
card  go  to  show  that  it  gives  a  greater  amount  of  invisible  waste  than 
cards  with  fixed  flats.  We  have  likewise  noticed  that  if  the  sliver 
from  the  Ashworth  card  is  examined  at  the  second  head  of  drawing 
it  will  have  more  neps  in  it  than  that  from  a  mixed  card. 

The  reduction  in  waste  that  this  card  gives  reaches  its  maximum 
on  Egyptians  at  1  per  cent.  But  if  this  same  Egyptian  is  put 
through  the  comb  it  gives  more  waste. 

Trial  made  on  Egyptian  (fully  good  fair)  :  — 

Kilo. 

Cotton  entering, 69.61        ^ 

Sliver  delivered, 66.74 

Waste, 2.87 

Of  this,  — 

Per  cent. 

Measurable  waste, 1.860        2.67 

Invisible  waste, 1.010        1.45 

Total, 2.87  4.12 

The  same  cotton  passed  through  a  mixed  card  (2  rollers  and  10 
flats)  gave  a  waste  of  5,03  per  cent. 

This  would  indicate  9-10  of  one  per  cent,  in  favor  of  the  Ashworth 
card.  Now  passing  both  these  slivers  through  the  same  comb  and 
comparing  the  results  we  have  the  following :  — 

Preparation  from  mixed  card,  total  comber  waste  18.216  per  cent. ; 
preparation  from  Ashworth  card,  total  comber  waste  21.903  per 
cent. 

Thus  the  Ashworth  card  gives  21.903-18.216—^3.68  per  cent,  more 
waste  in  the  comb  than  the  mixed  card.  The  gain  of  1  per  cent, 
waste  in  the  card  is  a  poor  compensation  for  the  3.38  per  cent,  loss 
in  the  comb. 

This  result  which  has  been  many  times  substantiated  corroborates 
what  we  have  said  regarding  the  breaking  of  the  long  fibres  passing 
through  this  card. 

Now  that  is  to  be  accounted  for  in  sonie  way.  Either  the 
cotton  contains  short  fibre  that  oaght  not  to  be  there  if  the 
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carding  is  properly  done,  or  else  it  has  injured  the  cotton  to 
such  an  extent  that  the  comber  has  failed  to  take  it  out. 
There  is  no  getting  out  of  that  dilemma.  Every  cotton  that  is 
grown,  unfortunately,  has  a  certain  amount  of  short  staple  in  it, 
and  your  cotton,  perhaps,  has  more  than  what  we  use  on  the 
other  side.  I  find  our  Egyptian  cotton  runs  evener  than  your 
American  cotton  at  present  does.  I  suppose  you  will  improve 
the  breed  of  it  by  and  by.  It  is  evident  that  either  the  waste 
is  left  in  that  ought  to  be  taken  out,  or  that  the  fibre  is  weak- 
ened ;  and  I  will  say  before  I  sit  down,  that  if  there  is  any 
object  of  interest  to  you  gentlemen  in  getting  cotton  of  equal 
fibre  and  of  fiiU  length  you  will  have  to  alter  your  gins  in  the 
South.*  I  made  a  calculation  once,  with  the  help  of  some  very 
celebrated  men  in  England  who  have  studied  this  thing,  and 
I  got  samples,  so  far  as  I  could,  of  the  cotton  grown  in  the 
southern  States  of  America.  I  have  forgotten  exactly  the  fig-^ 
ures,  but  if  I  remember  right  we  calculated  there  was  a  loss  in 
staple  of  something  like  $9,000,000  a  year  to  the  South  from 
the  use  of  a  saw  gin.  As  regards  the  picking,  I  find  that  in 
most  of  the  mills  I  have  been  in  the  cotton  has  far  too  much 
done  to  it.  I  think  you  hammer  your  cotton  to  death  before 
you  allow  the  card  to  get  a  chance  at  it. 

Mr.  Edward  W.  Atkinson.  I  didn't  expect  to  be  drawn 
into  this  discussion  at  all  to-day,  but  Mr.  Ashworth  has  treated 
me  a  little  severely,  I  think,  in  the  first  part  of  his  paper,  and 
I  would  like  to  ask  indulgence  for  a  moment  or  two  only,  to 
make  a  reply.  Mr.  Ashworth  advises  me  very  kindly  to  con- 
descend, as  he  puts  it,  to  talk  with  some  sharp,  practical, 
American  carders.  Now,  it  has  always  been  my  practice,  and 
I  am  always  very  glad  to  talk  with  any  practical  carder,  and  I 
have  often  done  so ;  and  it  was  the  result  of  many  such  prac- 
tical talks  that  I  asked  Mr.  Ashworth  the  question  I  did.  And 
I  am  very  glad  to  find  that  **the  volley  of  figures"  which  he 
says  I  fired  at  him  have  hit  the  mark  so  well.  Mr.  Ashworth 
has  made  a  quotation  in  this  connection.  He  says,  '^  A  little 
knowledge  is  a  dangerous  thing."    Mr.  Ashworth  has  taken 
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the  trouble  to  come  all  the  way  from  England  to  make  a 
quotation  from  an  English  poet ;  and  I  should  think  he  would 
have  taken  pains  to  quote  correctly.  You  all  know  Pope's 
famous  line  is,  ''A  little  learning  is  a  dangerous  thing,"  and  I 
think  you  couldn't  have  a  better  example  of  it  than  in  the  quo- 
tation that  Mr.  Ashworth  has  attempted  to  make.     [Laughter.] 

Now,  Mr.  Ashworth  would  lead  the  readers  of  this  paper 
to  infer  that  I  know  nothing  of  my  subject.  I  wish  to  say 
for  Mr.  Ashworth's  future  knowledge  that  I  have  spent  a  very 
considerable  time  and  had  a  very  considerable  experience  in 
setting  up,  grinding,  and  starting  and  running  both  cards  and 
mules,  and  other  machinery  of  our  American  make ;  and  I  see 
a  prominent  agent  of  one  of  our  best  mills  here  to-day  who, 
I  think,  would  be  very  glad  to  attest  that  fact  if  Mr.  Ashworth 
does  not  care  to  take  my  word  for  it.  I  have  found  that  our 
American  mills  are  conducted  according  to  the  laws  of  plain 
common  sense,  rather  than  by  following  out  any  complex 
theory  ;  and  I  would  like  to  say  to  Mr.  Ashworth  that  I  con- 
sider myself  quite  as  competent  to  judge  of  results,  and  quite 
as  competent  to  tell  that  two  and  two  make  four  in  cotton 
spioning,  as  he  is. 

Mr.  AsHWOKTH.     May  I  say  a  few  words? 

The  President.     If  no  one  objects. 

Mr.  Ashworth.  I  am  very  much  obliged  to  Mr.  Atkinson 
for  correcting  me  about  a  quotation.  I  have  not  had  a  college 
education.  I  had  to  scramble  for  my  education,  and  I  got 
most  of  it  between  the  time  I  was  twenty  and  tliirty.  I  don't 
profess  to  be  a  poet  authority,  and  I  don't  profess  to  make  my 
quotations  true  to  the  letter.  At  the  same  time  I  am  always 
glad  to  be  corrected  by  an  authority,  although  I  don't  see  that 
it  makes  very  much  diflerence  in  the  sense  in  this  case ;  still, 
I  like  to  have  a  coiTection.  I  came  here  for  correction,  and  I 
am  thankful  to  Mr.  Atkinson  for  pointing  out  this  error ;  and 
I  thank  him  also  for  i-aising  the  question  last  year,  because  I 
wanted  to  get  the  matter  still  further  before  you  and  bring  out 
what,  through  his  criticism,  I  have  brought  out.     I  have  no 
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doubt  Mr.  Atkinson  has  a  good  knowledge  of  cotton  spinning, 
as  I  think  I  have  of  carding ;  therefore,  don't  think  I  said  this 
from  any  personal  feelings  in  the  least.  I  simply  wanted  to 
know  what  he  had  to  say.  I  asked  you  to  contest  every  point 
with  us.  You  know  exactly  what  positions  I  take  on  these 
questions,  and  you  know  exactly  what  is  the  result  of  all  these 
improvements.  "The  exigencies  of  the  trade,*'  which  Mr. 
Dobson  has  talked  about,  mean  the  exigencies  of  the  trade 
through  the  production  of  the  Ashworth  card.  I  am  very 
much  obliged  to  you,  gentlemen,  for  giving  me  your  attention. 

Mr.  Clarke.  I  would  like  to  ask  Mr.  Ashworth  one  ques- 
tion. He  has  recently  introduced  a  36-inch  English  card  in 
competition  with  the  40-inch  cards  already  introduced,  and  I 
would  like  to  ask  him  what  advantage  he  expects  to  get  over 
the  40-inch  by  the  36-inch  card ;  and  if  the  36-inch  card  is  an 
advantage  over  the  40-inch  card,  how  much  a  30-inch  'card 
would  be  an  advantage  over  a  36-inch  card  to  the  manu£BU>- 
turer. 

Mr.  Ashworth.  We  are  prepared  to  make  cards  of  any 
width,  to  begin  with,  and  if  a  mill-owner  has  all  his  pickers 
and  driving  pulleys  in  his  mill  arranged  for  a  certain  width  of 
card  we  could  put  in  cards  to  correspond.  There  are  some 
mills  where  they  have  pillars  so  arranged  they  can  put  in  a 
wider  card,  and  in  that  case  the  man  would,  I  have  no  doubt, 
take  such  a  one  He  gets  the  most  carding  in  the  least  space, 
for  rather  less  money,  with  the  wider  card. 

Mr.  Clarke.  I  was  talkhig  with  a  manufacturer  who  has  the 
36-inch  carding,  and  he  says  that  Mrt  Ashworth  claimed  it  was 
at  a  loss  of  only  one-seventeeth  of  the  carding  in  the  mill, 
while  the  40-inch  card  was  an  addition  of  one-ninth  more 
machinery,  —  that  the  difference  in  the  carding,  taking  the 
same  square  inches  of  carding-surface,  was  only  one-seven- 
teenth.    Is  that  correct? 

Mr.  Ashworth.  I  don't  know,  sir.  I  can't  give  yon  any 
further  reason  why  I  put  in  these  narrow  cards,  except  as  a 
matter  of  convenience,  owing  to  the  construction  of  the  mill. 
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Mr.  Leigh.  As  I  have  been  the  means  of  placing,  directly 
or  indirectly,  nearly  1,500  Piatt  revolving  top  flat  cards  in  this 
country,  I  must  reply  to  some  of  Mr.  Ashworth's  remarks. 

I  said  at  the  last  meeting  that  I  did  not  believe  in  the  Ash- 
Wrth  card,  and  gave  my  reasons  therefor.  You  will  remem- 
ber I  told  you  that  it  would  be  found  impossible  to  keep  the 
cylinder  exactly  concentric  with  the  bend ;  this  Mr.  Ashworth 
practically  admits  by  what  he  has  shown  you  to-day.  He  has 
done  away  with  the  two  guide  pulleys,  described  in  his  paper 
at  last  meeting,  intended  to  prevent  side  wear  of  the  cylinder 
bearings,  and  now  shows  you  another  method  of  accomplish- 
ing this  object  by  the  introduction  of  two  bosses,  held  by  the 
card  framing  at  each  side,  five  inches  in  diameter,  upon  which 
the  fast  pulley  and  pulley  for  driving  licker-in  revolve,  still  * 
retaining  the  screw  for  raising  cylinder  pedestal  in  case  of 
wear  downwards. 

I  do  not  think  it  will  require  much  discernment  from  any 
good  mechanic  to  see  how  complicated  and  expensive  this  new 
plan  is,  or  to  calculate  the  extra  power  required  to  revolve 
these  two  pulleys  over  a  boss  five  inches  in  diameter,  to  say 
nothing  of  the  extra  oiling  and  care  that  must  be  given  to  keep 
them  clean. 

A  bearing  of  this  description,  covered  up  as  it  must  be  by 
the  pulleys,  and  exposed  to  the  dirt  and  dust  of  the  card  room, 
cannot  fail  of  itself  to  be  a  cause  of  great  trouble.  Suppose  it 
should  by  any  chance  get  dry  and  gall,  what  would  be  the 
effect?  You  could  not  get  the  pulley  off,  nor  could  you  get  at 
the  boss,  for  it  is  fastened  behind  the  pulley  to  pedestal  or 
bend ;  so  I  see  no  other  way  than  to  draw  the  card  framing 
apart  in  order  to  get  the  pulley  and  boss  off,  and  probably  this 
is  the  reason  he  purposes  making  the  cylinder  in  two  parts,  so 
that  in  case  of  an  accident  of  this  kind  he  can  the  more  easily 
take  the  card  to  pieces. 

I  will  not  dwell  upon  the  other  points  made  in  his  paper,  such 
as  the  proper  way  to  make  card  cylinders  and  doflBng  combs, 
but  will  simply  ask  Mr,  Ashworth  how  it  is  that  if  his  card  is 
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the  great  success  he  claims  that  he  has  not  done  more  business 
with  it  in  England,  where  it  has  had  a  longer  trial  than  any- 
where else,  and  if  it  is  not  true  that  he  is  now  making  fewer 
cards  than  he  was  doing  a  year  ago.  For  a  short  time,  some 
years  ago,  he  held  the  attention  of  manufacturers  abroad  by 
the  extraordinary  statements  and  claims  he  made,  and  it  seems 
to  me  even  here  he  is  following  the  same  line  of  action  which 
he  did  in  England ;  for  you  will  remember  it  was  only  at  our 
last  meeting  that  he  recommended  a  card  with  fifty-inch  diam- 
eter cylinder,  and  now,  six  months  later,  he  recommends  one 
with  forty  inches. 

I  have  it  from  very  good  authority  that  he  has  only  had  one 
of  these  forty-inch  diameter  cards  at  work  in  England  since 
*  Februaiy  of  this  year,  and  that  its  dimensions  are  the  same  as 
he  has  given  you,  the  cylinder  running  about  230  revolutions 
per  minute,  the  dofier  16,  the  licker-in  700,  and  the  production 
of  the  card,  which  is  45  inches  on  the  wire,  is  800  pounds  per 
week. 

Now,  I  ask  any  reasonable  man  if  Mr.  Ash  worth  or  any  one 
else  can  tell  the  future  of  this  small  card  or  any  other  card  on 
so  short  a  trial. 

We  all  know  the  experience  in  this  country  with  cards  that 
have  l>een  brought  out  within  the  last  ten  years. 

I  have  in  mind  four  different  models,  and  I  think  I  am 
within  the  bounds  of  truth  in  saying  that  all  these  four  differ- 
ent cards  have  failed  to  beat  the  old  Wellman  card  so  gener- 
ally in  use. 

These  cards  had  a  run  of  several  years,  and  at  first  were 
more  or  less  successful ;  but  time  has  shown  their  defects,  and 
where  are  they  to-day  ? 

I  hold  that  neither  Mr.  Ashworth  nor  any  one  else  can  tell  at 
the  present  time  what  will  be  the  future  of  his  card.  Certainly 
two  years  or  five  years  will  not  tell ;  it  will  take  ten  years,  at 
least,  to  develop  its  merits  or  show  its  faults. 

As  regards  adopting  cards  thirty-four  inches  wide,  as  now 
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recommended  by  Mr.  Ashworth,  the  following  figures  will 
show  the  fallacy  of  this  idea :  — 

Suppose  you  wish  to  card  10,000  pounds  per  day,  your 
cards,  with  new  openers  and  lappers,  will  cost  say  $70,000 ; 
if  you  had  cards  only  thirty-four  inches  wide  you  would  re- 
quire thirteen  more  of  them,  which  would  cost,  without  the 
openers  and  lappers,,  $65,000,  or,  say  $5,000  less;  to  set 
against  this,  you  could  get  $1,000  for  your  present  lappers  if 
sold  for  old  metal;  you  save  1,280  square  feet  of  flooring  at 
eighty  cents  a  foot,  which  equals  $1,025,  reducing  the  first 
extra  cost  to  $2,975,  and  you  make  an  annual  saving  of  sixteen 
horse-power,  which  at  $50  per  horse-power  equals  $800,  and  at 
least  $780  in  wages  (as  you  have  two  finisher  lappers  and 
thirteen  cards  less  to  drive  and  attend  to)  ;  making  an  annual 
saving  of  $1,580. 

You  would  have  many  other  advantages,  —  less  belting,  less 
oiling,  less  cleaning,  etc.,  —  besides  being  able,  in  making  the 
change,  to  avail  yourself  of  the  latest  improved  picking 
machinery. 

It  is  all  very  well  for  Mr.  Ashworth  or  any  one  else  to  show 
a  sample  card,  from  which  can  be  got  extraordinary  results, 
especially  if  clothed  with  needle-pointed  card  clothing,  got  up 
by  hand  to  a  very  fine  point,  but  I  hold,  as  I  have  said  before, 
that  this  fine  point  cannot  be  maintained  in  the  ordinary 
running  of  mills,  either  in  this  country  or  any  other,  as  the 
point  of  the  wire  must  of  necessity  be  ground  off*,  and  the 
carding  will  depreciate  accordingly. 

I  would  like  to  ask  the  question  of  Mr.  Ashworth,  if  he 
knows  of  any  first-class  mill  in  England,  or  elsewhere,  that  was 
filled  with  revolving  top  flat  cards  ten  years  ago,  made  by  any 
other  maker  than  Piatt,  where  the  orders  have  been  dupli- 
cated ?  my  object  being  to  show  that  the  recent  makers  of  re- 
volving top  flat  cards  have  not  tested  their  cards  sufficiently  to 
prove  their  superiority. 

Time  may  prove  them  to  be  all  that  the  makers  claim,  but  I 
£&il  to  see  why  you  should  go  past  a  machine  that  has  stood 
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the  test  of  experience,  and  that  can  be  seen  in  operation  any 
day  in  some  of  the  Ijest  mills  ever  built  in  this  country,  pro- 
ducing results  certainly  equal  to  any  others,  and  surpassing 
many  of  them. 

This  machine,  as  now  running  here,  will  pay  any  one  from 
twenty  to  fifty  per  cent,  on  the  outlay,  if  put  in  over  the 
common  Wellman  top  flat  card. 

As  I  have  stated  before,  Messrs.  Piatt  have  had  a  very 
long  experience  with  revolving  flat  cards,  and  they  do  not  con- 
tend that  the  machine  has  yet  been  brought  to  perfection,  but 
on  the  contrary  are  always  making  experiments  themselves,  to 
see  how  the  machine  can  be  improved ;  and  they  have  recently 
made  some  improvements  in  the  way  of  better  grids  or  under- 
casings  for  cylinders  and  licker-ins,  and  have  also  been  able  to 
reduce  the  width  of  their  card  six  and  one-half  inches,  by  mak- 
ing the  flats  four  inches  shorter  and  putting  the  bends  inside 
of  cylinders  instead  of  outside  as  formerly ;  i.  e.,  the  cylinder 
runs  over  the  top  of  the  bend,  thus  answering  the  objections  of 
some  critics,  who  claim  that  their  form  of  card  made  side  waste, 
and  that  their  flats  being  longer  were  weaker. 

They  have  also  improved  their  stripping  box  covers,  making 
same  so  that  they  must  now  be  set  concentric  with  the  cylinder 
at  all  stages  of  wear  of  wire. 

While  I  do  not  contend  that  other  makers  than  Piatt  can- 
not bring  out  new  improvements,  I  know  that  many  changes 
that  are  made  are  nothing  but  changes  and  not  improvements, 
and  if  the  makers  had  had  the  extended  experience  of  thirty 
years,  which  the  Platts  have  had,  they  would  make  no  claims 
for  improvements  that  had  not  been  well  tried  and  found  to  be 
of  great  value  before  they  were  brought  out  and  recommended 
the  public. 

I  am  bringing  out  some  of  the  new  pattern  cards  above  re- 
ferred to,  and  in  the  course  of  a  few  days  you  will  have  an 
opportunity  of  seeing  the  new  machines  at  work. 
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Mr.  AsHWORTH.  Judging  from  the  opinions  of  a  few  pres- 
ent that  paper  was  bordering  very  dangerously  near  to  the 
**  personal"  ;  but  I  don't  mind  it  in  the  least.  I  like  it  very 
much ;  it  simplifies  matters,  and  I  thank  you  for  it.  There 
is  plenty  of  my  name  in  that,  and  I  am  pleased ;  it  sim- 
plifies things.  In  the  first  place,  I  think  we  are  making  more 
cards  than  we  ever  were  before.  That  settles  that  question. 
Very  shortly,  I  dare  say,  we  shall  make  as  many  as  our  friend 
does.     As  to  the  second  point  — 

Mr.  Leigh.     Let  us  have  the  truth. 

Mr.  AsHWORTH.     I  will  tell  you. 

The  President.  I  don't  think  that  is  a  question  the 
meeting  is  very  much  interested  in.     [Applause.] 

Mr.  AsHWORTH.  I  was  about  to  answer  his  second  question. 
We  have  one  card  at  work  here  in  the  Pacific  Mills,  —  a  small 
one,  —  doing  900  pounds.  I  have  three  letters  in  reference 
to  small  model  cards  here.  One  is  from  a  gentleman  Mr.  Dob- 
son  knows,  Mr.  Thorp,  of  Messrs.  J.  J.  Hayes,  Leigh.  They 
have  three  hundred  cards  at  work,  of  our  needle-pointed  wire, 
and  they  won't  touch  anything  else.  I  can  give  you  a  half- 
dozen  other  people  who  have  two  or  three  hundred  of  our 
cards  at  work.  There  is  only  one  opinion  about  it,  and  that  is 
that  it  must  go.  You  mark  that,  and  don't  you  forget  it.  I 
will  read  you  these  letters  :  — 

Victoria  Mills,  Leigh,  West  Manchester, 

March  5,  1888. 

To  Messrs.  Ashworth  Bros.,  Manchester. 

Gentlemen,  —  The  two  forty-inch  (small  model)  cards  are  at  work. 
They  are  an  improvement  on  the  fifty-inch.        Yours  truly, 

James  Thorp. 

Low  Moor-Clithbro,  England,  April  7, 1888. 
Messrs.  Asetworth  Bros.,  Manchester, 

Dear  Sirs,  —  We  are  eminently  satisfied  with  the  small  model  card- 
ing engines  you  have  made  us,  and  infinitely  prefer  them  to  any  cards 
we  have  ever  seen.     We  are.  Yours  faithfully, 

Thos.  Garneti  &  Sons. 
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HUB8T,  April  7,  1888. 

Messrs.  Ashwobth  Bros.,  Manchester, 

Dear  Sirs,  —  As  far  as  I  can  judge  from  the  time  it  has  worked, 
your  small  engine  is  perfectly  satisfactory  in  every  respect. 

Yours  very  truly, 

Oldham  WHrrrAKEB  &  Sons. 
per  Walter  Rowley. 

Now,  gentlemen,  I  don't  think  I  need  say  anything  more  to 
take  up  your  time. 

Mr.  Edward  Atkinson.  I  have  a  suggestion  to  make,  not 
with  reference  to  the  discussion,  which,  unfortunately,  I  did  not 
hear.  I  have,  however,  read  the  papers  printed  in  advance.  I 
think  you  are  now  likely  to  get  a  true  idea  of  the  essentials  of 
carding.  You  may  remember  that  I  have  said  to  you  on  my 
return  from  each  visit  I  have  made  to  Europe  that  you  would 
not  get  a  thorough  test  between  the  American  carding  system 
and  the  English  carding  system  until  you  had  the  mechanical 
conditions  equal,  and  the  construction  of  the  cards  equal ;  that, 
when  you  had  an  American  card  made  with  the  exactness  (you 
may  have  it  to-day  for  aught  I  know)  —  when  you  had  an 
American  card  made  with  the  mechanical  precision  with  which 
the  English  cards  are  now  being  made,  you  would  then  be  able 
to  test  one  system  against  the  other. 

We  appear  to  have  begun  at  the  wrong  end  in  this  country. 
We  appear,  so  far  as  an  observer  can  make  it  out,  to  have 
perfected  the  looms  first ;  and  the  export  of  looms  for  many 
years  by  Knowles,  Crompton  and  others  would  indicate  that 
we  were  ahead  on  looms.  We  then  perfected  the  spinning 
frame,  and  we  taught  them  in  England  how  to  build  a  ring 
spinning  fi'ame.  It  happens,  with  respect  to  mules,  the  most 
skilful  and  able  mechanics  have  worked  on  both  sides  of  the 
water ;  and  whether  England  is  ahead,  or  whether  the  United 
States  is  ahead,  in  the  mechanical  construction  of  mules,  is  an 
open  question  upon  which  I  shall  not  venture  to  pass.  Now, 
when  you  first  got  the  Wellman  card,  you  apparently  had  a 
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card  which  was  better,  in  its  day,  than  any  of  the  revolving 
cards  of  England,  in  its  day ;  and  it  had  its  day  in  England 
as  well  as  here.  Thereafter,  and  about  the  time  I  first  visited 
England,  the  revolving  top-flat  card  was  beginning  to  come  to 
its  mechanical  perfection.  Since  then  great  strides  have  been 
made,  and  you  are  now  getting  an  idea  of  the  competition  of 
one  country  with  the  other,  in  the  mechanical  perfection  of  the 
carding  engine. 

Now,  this  is  all  subsequent  to  the  picking.  Reference  has 
been  made  to  that,  and  inasmuch  as  you  have  begun  with  the 
loom,  and  are  now  getting  down  as  far  as  the  card,  you  had 
better  end  off  with  the  picking.  [Applause.]  It  would  have 
been  better  to  have  begun  with  the  gin  and  the  picker,  and  to 
have  followed  up  with  the  loom,  if  it  had  been  possible ;  but 
we  didn't  do  it.  Now,  I  have  said  to  you  every  time  I  have 
come  here  that  your  picking  department,  as  compared  to  Eng- 
lish picking,  is  deficient  in  the  exactness  of  the  sorting  of  the 
cotton,  and  in  the  working  of  it.  You  work  it  twice  as  much 
as  the  modern  English  system  does.  I  do  not  say  which 
makes  the  best  picker ;  I  do  not  make  any  comparisons  be- 
tween the  English  picker  and  the  American  picker  as  a  piece 
of  mechanism,  but  I  do  say  this,  that  you  need  more  spac^  in 
your  picking  department.  As  the  change  from  the  present 
system  of  carding  to  this  style  of  card  is  made,  you  will  have 
room  left  vacant  in  your  present  carding  rooms,  and  there  is 
no  more  danger  in  putting  a  finisher  picker  in  the  carding  room 
than  there  is  in  having  a  carding  engine  there.  The  danger 
with  the  picker  is  mainly  in  the  opening  machines ;  therefore, 
the  underwriters  would  probably  raise  no  objection  if  the 
vacant  space  left  by  the  removal  of  the  American  cards  and 
the  substitution  of  the  English  cards  were  filled  up  in  the  mill 
with  finisher  pickers.  That  will  enable  you  even  in  your  pres- 
ent picking  rooms  to  get  more  room  for  your  work.  Better 
have  ample  room  in  the  picker  building. 

I  would  say  that,  from  my  observation  (having  no  practical 
knowledge),  the  English  mills,  in  my  opinion,  are  as  far  in 
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advance  in  the  application  of  science  to  the  picking  as  they 
have  been  in  the  application  of  science  to  the  construction  of 
the  carding  engine.  I  would  suggest  that  opening  and  picking 
be  the  next  subject ;  and  that  you  get  up  a  discussion  among 
the  English  and  American  builders  of  picking  machines,  to 
develop  the  art.     [Applause.] 

Mr.  E.  S.  Davis.  One  important  thing  has  been  omitted : 
the  Board  of  Government  will  need  funds  to  carry  them 
through  the  year,  and  I  move  that  they  be  authorized  to  assess 
each  member  not  exceeding  ten  dollars  to  defray  the  expenses 
for  the  ensuing  year.  I  think  we  can  afford  to  pay  a  pretty 
liberal  assessment  this  year.  We  have  had  fun  enough  to-day 
to  warrant  it.     Adopted. 

A  Member.  I  move  that  the  thanks  of  the  Association  bo 
extended  to  Mr.  Draper,  Mr.  Dobson  and  Mr.  Ashworth  for 
the  excellent  papers  that  have  been  read  to-day.     Adopted. 

A  Member.  I  would  also  move  that  these  papers  be  em- 
bodied in  the  report  to  be  published. 

The  President.     That  will  be  done. 

Mr.  Thomas.  I  move  the  thanks  of  the  Association  be  ten- 
dered to  the  retiring  officers  for  their  fidelity  to  their  trust  in 
the  months  past.     Adopted. 

The  President.  There  is  one  more  paper.  Mr.  James  R. 
Maxwell  of  Tuscaloosa,  Ala.,  will  explain  the  new  system  of 
packing  cotton  in  small  bales  for  shipment  to  spinners. 
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New  System  of  Packing  Cotton  in  Small  Bales  for 

Shipment. 

Bt  Jambs  R.  Maxwbll,  TusoALooeA,  Ala. 

I  beg  leave  to  state,  in  the  first  place,  that,  unfortunately, 
^y  hearing  is  quite  deficient,  and^  it  will  be  impossible  for  me 
to  catch  questions  asked  from  the  body  of  the  house. 

You  have  listened  patiently  to  the  addresses  of  the  gentle- 

^^Q  preceding  me,  who  were  trying  to  show  up  to  you  a 

^^tional  part  of  a  per  cent,  saving  in  the  handling  of  the 

7*ple,  to  even  test  which  would  involve  the  outlay  of  much 

«me  and  thousands  of  dollars  in  money.     Each  one  of  them  has 

occupied  your  attention  from  an  hour  to  an  hour  and  a  half 

^  ^he  presentation  of  his  views,  but  I  propose  to  take  only 

^**^eii  minutes  of  your  time,  and,  in  that  time,  demonstrate  to 

^^^    the  practicability  of  your  saving  from  four  to  six  per 

'^t.  of  the  staple  that  you  pay  for,  and  at  absolutely  no  out- 

^y  or  risk  in  testing  the  matter.     You  may  say  that  there  m 

^  in  dealing  with  a  stranger.     But  with  the  references  as 

character  that  I  am  enabled  to  give,  and  the  guarantees  I 

^^ll  make,  I  assert  that  you  will  not  risk  a  dollar.     Now,  to 

^^i*  subject. 

Visiting  the  Cotton  Exposition  at  Atlanta  in  1881,  being  a 
^^tton   planter,  I  was  much  impressed  with  the  advantages 
^*iat  would  accrue  to  the  spinner  could  he  supply  himself  with 
^^tton  packed  in  blocks  of  about  125-pounds  weight,  tied  with 
tight  galvanized  wire  ties  and  covered  with  light  burlap  sack- 
ing.    The  difference  in  tare  was  very  obvious,  reducing  same 
from  an  average  of  20  to  27  pounds  down  to  about  8  to  10 
pounds  per  bale  of  500-pounds  weight, — a  palpable  gain  to  the 
spinner  of  from  12  to  17  pounds  of  cotton  even  were  both  items 
counted  as  entire  loss.     But  the  difference  in  value  of  the  two 
kinds  of  wrapping  when  stripped  from  the  cotton  was  equally 
as  marked. 
This  impression  was  made  the  more  lasting  by  the  testimony 
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there  given  by  New  England  spinners  as  to  the  value  of  cotton 
so  packed ;  its  value  being  increased  according  to  their  judg- 
ment fiiUy  three-fourths  of  a  cent  per  pound. 

Mr.  Atkinson  expressed  to  the  manufacturers  of  the  press 
so  packing  the  staple  as  follows  :  — 

My  conviction  was,  that  your  method  of  compressitig  was  superior 
to  the  ordinary  method,  and  le^  likely  to  do  harm,  if  compression 
does  any  haim,  while  the  cotton  was  cleaner,  and  in  better  condi- 
tion otherwise,  than  if  it  had  been  packed  in  the  ordinary  manner. 
A  small  bale  speaks  for  itself,  and  gives  its  own  instructions  that  it 
shall  be  kept  out  of  the  mud  and  rain,  and  properly  cared  for. 

Just  here  let  me  say  that  experience  has  proved  that  he  was 
right  in  that.  In  their  care  and  transportation  they  are  invari- 
ably kept  under  lock  and  key^  which  necessarily  involves 
shelter.  They  are  easier  to  handle  on  the  shoulder  than  to 
roll ;  that  keeps  them  out  of  the  mud.  Purchasing  back 
from  the  mills  the  sacks  and  wires,  they  come  to  me  clean ; 
seeing  them  stored  in  the  warehouse  at  the  mills,  I  find  them 
as  clean  as  when  they  left  the  ginneries. 

In  another  letter  Mr.  Atkinson  says  :  —  ^ 

I  think  there  will  be  no  difficulty  in  finding  customers  for  this 
cotton  when  offered  by  responsible  growers,  who  can  be  depended 
upon  for  uniformity  in  the  quality  of  the  bale  itself ;  and  that  very 
soon  your  bales  will  have  the  preference  over  the  ordinary  com- 
pressed bale. 

The  press  manufacturers,  Messrs.  Dederick  &  Co.  of  Albany, 
N.  Y.,  after  the  closing  of  the  Atlanta  Exposition,  divided  the 
cotton  so  packed  into  small  lots  and  shipped  to  different 
spinners  for  test  as  to  practical  working  up. 

The  Cutter  Manufacturing  Company  of  Warren,  R.  I., 
reported :  — 

We  find  them  very  convenient  to  handle,  costs  less  to  put  in  store 
house  and  move  to  mill ;  also  less  waste  in  transportation,  and  much 
handier  to  put  into  the  packer-house.  The  cotton  works  equally  as 
well  as  the  large  bales,  and  we  should  always  prefer  the  small  bales. 
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The  Greenwoods  Company,  New  Hartford,  Ct.,  reported  : — 

The  small  bales  of  cotton  you  sent  us  we  have  carefully  worked,  and, 
contrary  to  our  expectations,  we  are  much  pleased.  We  anticipated, 
in  fact,  firmly  believed,  that  the  process  through  which  you  put  the 
cotton  would  injure  the  fibre,  and  consequently  worked  the  cotton 
very  carefully  in  the  different  departments  of  our  mill.  The  cotton 
worked  as  well  as  ordinary  cotton  through  the  different  processes 
of  carding,  spinning,  etc.  From  what  experience  we  have  at  pres- 
ent we  should  decidedly  favor  the  purchase  of  cotton  in  small  bales. 
We  did  not  go  into  the  matter  of  tare,  as  it  seemed  to  us  very  evi- 
dent that  it  would  be  less  than  on  the  large  bales.  We  could,  as  a 
whole,  handle  the  season's  work  at  a  much  less  expense  in  the  small 
bales  than  in  the  large  ones.  The  convenience  of  the  small  bales 
in  handling  and  working  in  every  way  is  great. 

The  Williamantic  Linen  Company,  testing  *'  Sea  Island"  so 
packed,  reported :  — 

We  made  a  careful  examination  of  the  cotton  in  the  different 
stages  of  its  manufacture  to  see  to  what  extent  it  was  injured  by 
compression.  We  find  that  not  only  is  it  not  injured,  but  it  is  a 
positive  gain  to  us,  from  the  fact  that  cotton  so  compressed  makes 
less  waste  at  the  picker,  in  the  cards  and  in  the  combing  machine. 
You  are  at  perfect  liberty  to  refer  to  me  or  to  the  experience  of  this 
company. 

Bearing  on  another  possible  advantage,  i.e.,  the  question  of 
insurance,  Mr.  Thos.  Peters  of  Atlanta,  Ga.,  general  adjuster 
and  special  agent  of  the  Under wi'iters'  Association  of  the  South, 
in  a  report  says  in  1882  :  — 

It  will  be  generally  conceded  that,  when  once  cotton  is  well  afire, 
the  destruction  is  limited  only  by  the  number  of  bales  in  reach ;  .  .  . 
oar  proposition,  therefore,  is,  that  in  order  to  decrease  the  amount  of 
loss  we  must  increase  the  possibility  of  removal  of  exposed  bales, 
and  at  the  same  time,  by  reducing  the  value  of  the  individual  bale, 
we  again  curtail  the  loss.  This  necessitates  a  bale  more  easily 
handled  than  the  present  standard  American  bale,  and  suggests  the 
bale  of  about  125  pounds  as  the  proper  type.  If  the  present  bale  is 
worth  $50,  —  and  it  is  admitted  that,  once  the  bale  is  afire,  the  loss 
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is  total,  —  it  stands  to  reason  that  if  the  bale  is  redaoed  to  one- 
foarth,  say  to  $12.50  in  valae,  we  gain  a  salvage  of  three-fourths, 
and  we  hold  this  is  not  an  unfair  deduction,  for  as  facility  of  re- 
moval is  increased  by  reduction  of  bulk,  it  is  by  no  means  probable 
that  we  will  lose  four  bales  where  we  now  lose  one. 

To  my  mind  all  these  statements,  looking  at  the  matter  from 
the  standpoint  of  the  spinner,  were  incontrovertible  facts.  I 
had  then  to  look  at  the  matter  from  my  own  standpoint  —  that 
of  a  planter.  The  1)est  business  men  among  the  planters 
consider  the  difference  between  what  they  pay  for  bagging  and 
iron  ties  as  such,  and  the  price  they  get  for  same  when  weighed 
and  sold  as  cotton,  as  their  own  legitimate  profit ;  and  it  is  this 
cla^s  that  invariably  put  on  the  heaviest  bagging  and  the  most 
of  it  allowable.  The  planter  may  be  careful  to  free  his  cotton 
from  dirt  and  sand  by  every  means  in  his  power,  so  that  it  may 
show  a  good  sample,  but  he  wants  all  he  can  make  in  the  bagging 
and  ties  ;  and  so  acts.  And  he  is  right  in  that ;  for  although  it 
is  a  fact  that  the  world,  in  fixing  the  price  of  the  staple,  counts 
the  average  loss  to  be  expected  in  the  tare,  that  does  not  affect 
his  transaction.  lie  knows  that  he  puts  on  about  twenty-eight 
pounds  of  bagging  and  ties  at  a  cost  of  about  87  J^  cents,  and 
sells  same  on  the  spot  at  say  9  cents  per  pound ;  making  a  cer- 
tain profit  in  the  transaction  of  $1.64^  per  bale. 

What  you  get  with  lighter  tare  is  put  up  invariably  by  one 
of  two  distinct  classes.  One  class,  the  men  who,  too  ignorant 
to  fif^unj  on  it,  invariably  buy  the  cheapest  bagging  per  yard 
and  cheapest  ties  per  set,  as  if  it  were  so  much  money  thrown 
away ;  and  the  other,  the  public  ginners,  who,  competing  with 
others,  contract  with  the  owner  of  the  cotton  to  gin  and  pack 
and  wrap  it  up  for  so  much  per  bale. 

Here  was  a  stumbling-block,  and  this  item  thrusts  itself  in 
the  way,  in  every  case,  at  every  shipping  point  I  establish.  The 
farmer  must  see  that  profit  comes  back  to  him  —  and  more 
besides  that  —  as  an  inducement  for  him  to  change  his  ways. 

I   suppose    that   it   was   some   such   consideration   as   this, 
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among  others,  that  caused  Mr.  Atkinson  to  decide  not  to  take 
the  risk ;  for  in  a  letter  to  me  in  1883,  I  think,  he  used  this 
expression,  as  nearly  as  my  memory  serves  me  :  — 

While  I  believe  the  method  is  the  proper  one,  and  will  eventually 
prevail,  yet  in  a  model  ginnery  that  I  helped  to  establish  in  Georgia 
I  did  not  dare  to  make  so  radical  a  change. 

This  information  was  rather  discouraging,  but  so  thoroughly 
was  I  convinced  of  its  advantages  to  the  spinner  that  I  deter- 
mined to  go  ahead  and  prepare  for  the  business  ;  counting  on  my 
ability  to  find  those  who  would  test  the  matter,  and  being  sat- 
isfied in  my  own  mind  that,  when  tested,  sufficient  saving  would 
be  found,  which,  fairly  divided,  would  be  mutually  satisfactory. 

I  clean  my  cotton,  before  ginning,  of  sand  and  dust ;  then 
when  placed  on  th«  feeder  of  gin  it  is  not  touched  by  hand  till 
it  issues  from  the  press  with  the  wire  ties  around  the  cotton  it- 
self. The  lint  issues  from  the  condenser  of  gin,  just  as  it  does 
from  the  end  of  your  pickers,  in  a  continuous  sheet ;  but,  instead 
of  being  rolled  in  a  roll,  the  bat  falls  into  chamber  of  press, 
whose  piston  moves  back  and  forth  like  that  of  a  st^am  engine  ; 
at  each  stroke  forcing  the  cotton  into  the  bale  chamber,  section 
by  section.  Issuing  from  end  of  press  already  tied,  its  sack  is 
slipped  over  it,  sewed  up,  weighed,  tagged  and  stored  ready 
for  shipment. 

The  crop  of  1883  was  a  disastrous  one  in  my  section.  From 
the  same  number  of  acres  that  had  been  giving  me  an  average 
yield  of  185  bales  of  500  pounds  each,  I  only  obtained  68  bales  ; 
a  shortage  of  about  two-thirds ;  an  unprecedented  shortage 
then,  and  one  never  since  experienced.  My  cotton  crop  that 
year  netted  me  a  loss  of  over  $4,000. 

I  sold  most  of  the  crop  that  season  to  our  local  mill,  at  an 
advance  over  market  rates,  and  shii)ped  twenty-two  blocks  to  be 
thoroughly  tested.  In  consequence,  the  mill  that  made  the  test 
has  purchased  my  whole  output  ever  since, — a  conclusive  proof 
that  the  profit  in  handling  it  has  been  satisfactory  and  of  mutual 
satisfaction  as  to  fair  dealing  between  the  contracting  parties. 
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How  much  saving  the  spinner  finds  in  it  exactly  it  is  not  my 
business  to  know.  Suffice  it  to  say  that  my  guarantee,  given 
at  the  commencement  of  the  business  and  [standing  to-day, 
viz.,  '<  That  whenever  he  will  say  that  his  year's  purchases  of 
me  have  not  saved  him  at  least  one-fourth  of  a  cent  per  pound 
over  cotton  bought  the  old  way,  I  would  make  the  deficit 
good,"  has  never  been  called  upon. 

To  give  you  an  idea  as  to  the  increase  of  this  business,  I 
call  your  attention  to  the  following  shipments  of  the  different 
years :  — 

In  season  of  83-84,  22  blocks. 
"      **  84-85,  758  blocks. 
"        "      "  85-86, 5,415  blocks. 
86-87,  3,826  blocks. 
87-88, 13,735  blocks,  counting  a  few  I  have  on  hand  still. 
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Now,  gentlemen,  this  shows  that  I  have  brought  the  business 
out  of  the  domain  of  risky  venture  into  practical  working 
order.  It  is  impossible  that  one  of  you  who  knows  him  can 
doubt  that  the  spinner  has  found  a  saving  that  has  been 
worth  his  while.  Where  improvements  in  the  handling  were 
needed  he  has  promptly  pointed  them  out,  and  I  have,  as 
quickly  as  possible,  met  his  suggestions.  The  business  has 
been  carried  on  to  our  mutual  satisfaction.  I  can  truly  say 
that  if,  in  extending  the  business  beyond  his  needs,  I  shall 
always  find  myself  dealing  with  gentlemen  of  the  same  calibre, 
I  shall  be  fortunate  indeed.  What  he  thinks  of  me  can  best  be 
attested  to  those  interested,  over  his  own  signature.  Whiler 
in  comfortable  circumstances,  I  am  not  a  very  wealthy  man ; 
but  for  business  integrity  I  am  proud  to  be  able  to  point  to  a 
record  as  merchant,  as  planter  and  as  cotton  dealer,  without  a 
flaw.  My  credentials  will  bear  the  closest  scrutiny  or  any 
amount  of  private  inquiry. 

My  object  in  presenting  this  business  before  this  Association 
is  easily  explained.  Here  I  meet,  in  one  body,  gentlemen 
whose  object  in  coming  is  to  keep  an  open  eye  and  ear  for 
every  possible  improvement  or  saving  in  connection  with  their 
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CALL  FOR  MEETIXG. 


Boston,  Oct.  1,  1888. 

Dear  Sir: — The  stated  Semi-annual  Meeting  of  the  Association  will  l)e 
held  at  the  Massachusetts  Institute  of  Technology,  Boylston  Street,  Boston, 
on  Wednesday,  Oct  31,  1888,  at  10  o'clock  a.m. 

Topics  heretofore  discussed  will  still  be  in  order  if  called  up  by  any  member ; 
and,  in  addition,  the  Board  have  the  pleasure  to  announce  the  following :  — 

A  committee  appointed  by  the  Board  of  Government  to  investigate  the  sub- 
ject of  Picking,  will  present  a  report,  with  accompanying  tables. 

Mr.  Scott  A.  Smitii,  of  Providence,  R.  I.,  will  read  a  paper  on  the  subject 
of  Leather  Belts,  and  the  mode  of  determining  the  comparative  value  of 
different  makes. 

Mr.  George  A.  Barrus,  of  Boston,  Mass. ,  will  present  a  paper  upon  Steam 
Boiler  Tests,  with  tabulated  results  of  150  evaporative  tests  conducted  by 
bim. 

These  papers  will  be  printed  in  advance  of  the  meeting,  and  a  copy  of  either 
supplied  to  any  member  who  applies  for  it  to  the  Secretary. 

By  vote  of  the  Board  of  Government, 

AMBROSE  EASTMAN, 

Secretary. 


PROCEEDINGS. 


Pursuant  to  the  foregoing  notice  the  stated  semi-annual  meet- 
ing of  the  Association  was  held  at  the  Massachusetts  Institute 
of  Technology  on  Wednesday,  Oct.  31,  1888.  President 
LippiTT  in  the  chair. 

The  Pkesidext.  The  first  business  before  the  meeting  is  to 
consider  nominations  for  membership.  We  have  the  following 
list,  which  the  Board  of  Government  has  by  vote  recommended 
for  election. 


Messrs.  George  Ash  worth,  . 
Eben  S.  Draper, 
George  A.  Draper, 
John  F.  Hamlet, 
George  E.  Kent, 
John  M.  Kimball,    . 
J.  H.  A.  Klauder,  . 
Webster  Knight, 
William  S.  South  worth, 
Charles  F.  Tarbell, 
Ariel  C.  Thomas,     . 
John  Walter  Wells, 

A.    S.    WiNSLOW, 


Manchester,  Eng. 
Hopedale,  Mass. 
Hopedale,  Mass. 
Manville,  R.  I. 
Pittsfield,  N.  H.  ' 
Lewiston,  Me. 
Philadelphia,  Penn. 
Providence,  R.  I. 
Lowell,  Mass. 
Woonsocket,  R.  I. 
Woonsocket,  R.  I. 
Atlantic  City,  N.  J. 
Crompton,  R.  I. 


By  vote  of  the  Association  the  above-named  gentlemen  were 
duly  elected  members. 


The  President.  The  first  subject  which  has  been  proposed 
for  discussion  at  this  meeting  is  the  report  of  a  committee 
appointed  by  the  Board  of  Government  to  investigate  the  sub- 


ject  of  Picking.  I  will  say  that  the  committee  selected  Mr. 
Frederick  G.  Reed  to  conduct  that  investigation,  which  he 
did,  and  the  report  of  his  work  will  now  be  presented.  Since 
completing  it,  I  regret  to  announce,  Mr.  Reed  has  deceased ; 
and  Mr.  Parker  of  the  Pacific  Mills,  a  meml>er  of  the  com- 
mittee appointed  by  the  Board  of  Government,  has  consented 
to  present  the  subject  to  your  attention. 

Mr.  Walter  E.  Parker.  Mr.  President,  about  one  year 
ago  a  committee  was  appointed,  at  the  suggestion  of  President 
Sudlam,  to  investigate  picking  among  some  of  the  mills  in  New 
England.  The  work  was  outlined  by  the  committee,  and  Mr. 
Frederick  G.  Reed  was  selected  to  carry  out  the  investi- 
gation, and  copies  of  his  report  have  been  distributed  in  the 
hall,  for  the  members  to  look  over.  I  will  read  simply  the 
subject-matter  of  the  report.  The  opinions  expressed  in  this 
paper  are  Mr.  Reed's,  and  were  probably  formulated  during 
his  investigation  of  picking.  He  was  a  young  man  very  careful 
in  his  methods,  and  one  whom  we  thought  fully  competent  to 
investigate  such  a  subject. 


INTESTIGATIOX  OF  PICKERS 


MADS  BT 


FREDERICK  G.   REED, 

UXDEK    THE     DlRECTIOX     OF     A     COMMnTEE     OF    THE    BOAKD     OF 

GOVEUXMENT. 


The  different  eomhinalioh.s  of  pickers  met  with  in  twenty 
representative  mills  are  very  numerous.  Among  openers  the 
stick  or  willow  whipjwrs  and  the  Crighton  oj>ener  are  still 
retained  in  some  instances.  Of  the  English  tappers  in  use  here 
there  are  the  Lonl,  the  Walker  and  Hacking,  the  Hetherington, 
the  Piatt,  the  Leisrh,  and  the  Tavlor  and  Lansr ;  all  of  which 
have  In^n  running  in  most  cases  a  long  time,  and  many  of 
which  have  l>een  made  over  or  combined  with  lappers  made 
here. 

While  the  makers  of  pickers  in  this  country  have  been 
numennis,  thev  are  built  in  general  after  the  pattern  of  the 
honl  or  the  Walker  and  Hackinir  machine.  There  are  at 
pi'csent  three  distinctive  tyjvs  of  o|>eners  made  here :  the  por- 
cupine prej^rer,  the  whip|>er  l>eater,  and  the  Buckley  opener ; 
the  last  of  which  is  pro|>erly  an  English  machine  and  of  recent 
api>eanince  here. 

To  obtain  uiore  even  work  the  tondoncy  at  present  is  to 
increase  the  numln^r  of  processes  bv  sul^stituting  a  greater 
mimln^r  of  sin^rle-sei^tion  machines  for  a  less  number  of  machines 
of  several  sections  each. 

The  subject  of  decreasin^r  the  number  of  beaters  has  been 
discusseii  for  a  long  time*  but  only  lately  has  it  been  put  in 
practice  to  any  considerable  extent.  It  seems  to  hare  been 
admitted  long  ago  that  it  was  customary  by  too  high  a  speed 
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and  by  too  heavy  and  too  many  beaters  to  over-pound  cottori 
before  it  went  to  the  cards. 

The  decrease  in  the  number  of  beaters  is  undoubtedly  an 
advantage,  as  is  also  the  increase  in  the  number  of  doublings. 

The  English  imj)rovenient  in  this  direction  has  been  toward 
the  steady  reduction  in  the  number  of  beaters,  and  the  estab- 
lishment of  a  rate  of  speed  at  1,000  to  1,300  revolutions  of  a 
sixteen-inch  beater;  the  average  number  of  beaters  in  the 
entire  operation  of  openiniu:  and  picking  being  three  or  four, 
the  average  number  here  being  five  or  six. 

The  present  investigation  was  made  solely  to  ascertain  as 
nearly  as  possible  what  was  actually  being  done  in  a  number 
of  representative  mills.  While  there  niay  be  some  points  of 
no  especial  interest,  and  some  points  omitted  that  would  be  of 
greater  value,  yet  so  far  as  it  goes  the  aim  has  been  to  be  as 
thorough  and  accurate  as  circumstances  would  permit. 

It  would  be  impossible  to  obtain  results  which  would  be 
entirely  infallible,  especially  in  regard  to  per  cent,  of  waste, 
weight  of  laps  and  product,  as  in  no  two  cases  would  the  cir- 
cumstances be  precisely  the  same ;  but  similar  methods  were 
pursued  in  each  case,  and  sufficient  details  are  given  in  most 
cases  to  account  for  any  discrepancy. 

There  are  included  in  the  report  twenty  mills,  which  are  des- 
ignated by  the  numl)ers  in  the  cxireaiii  left-hand  column  on 
each  page.  Where  the  picking  for  an  entire  corporation  was 
done  in  one  picker  building,  the  figures  for  the  whole  are 
given;  but  in  cases  where  the  picking  for  each  mill  was  done 
separately,  a  single  re[)resentative  picker-room  was  selected, 
and  its  description  and  operations  alone  given. 

The  tirst  thirteen  mills  are  entirely  or  chiefly  equipped  with 
the  Kitson  system ;  the  remaining  seven  with  the  Whitehead 
and  Atherton  system,  either  entirely  or  for  the  most  part. 
The  mills  under  either  system  are  arranged  according  to  the 
grade  of  stock  found  in  use,  beginning  with  those  using  the 
highest  grade. 

•The  porcupine  beater  in  the  preparer  was  found  making  from 
390  to  920  revolutions  per  minute,  delivering  from  760  to 
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1 ,840  blows ;  the  flexible  whipper  beater  was  found  making 
from  1,060  to  1,345  revolutions,  delivering  from  3,180  to  4,035 
blows  per  minute. 

In  regard  to  the  distance  at  which  the  beaters  in  the  openers 
are  set  from  the  feed-rolls,  with  the  whipper  beater  the  aver- 
age distance  is  one-half  inch  from  the  circumference  of  feed- 
rolls  and  the  diameter  of  feed-roll  is  two  and  one-half  inches, 
or  an  average  distance  of  one  and  three-quarters  inches  from 
bite  of  feed-rolls  to  blade  of  beater.  With  the  preparer  the 
average  distance  is  three-eighths  of  an  inch  from  circumference 
of  feed-rolls  and  the  diameter  of  feed-roll  is  three  inches,  or 
an  average  distance  of  one  and  seven-eighths  inches  from  bite 
of  feed-rolls  to  circumference  of  beater. 

The  average  per  cent,  of  waste  taken  out  by  the  preparer  is 
about  one-third  of  one  per  cent. ;  that  taken  out  by  the  whip- 
per beater  about  two-thirds  of  one  per  cent.,  or  about  twice  as 
much  as  by  the  preparer.  The  preparer  and  the  whipper 
beater  are  each  referred  to  in  the  table  under  openers,  as  the 
first  beater. 

Concerning  the  hollow  or  solid  shaft  beater  opinion  is  about 
equally  divided  ;  at  one  mill  where  both  were  in  use  through- 
out an  entire  process,  the  following  results  were  obtained  from 
a  test  with  each,  using  cotton  in  both  cases  of  the  same  grade 
out  of  the  same  lot :  — 


Solid  shaft. 


Hollow  nbtkft. 


I*reparer, 

Breaker,  first  beater,  . 

Breaker,  seeond  beater, 

Finisher,  first  beater,  . 

Finisher,  second  beater. 

Hoops, 

Sacks,  .... 

Trunk, 

Unaccounted  for. 

Finisher  laps. 


Per  cent. 

.32 

.16 

.21 

.11 

.11 

2.10 

2.84 

.73 

1.05 

92.37 


Per  cent. 

.42 

.21 

.31 

.13 

.13 

1.80 

3.27 

.63 

.69 

92.41 


100.00 


I 

V 
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While  the  per  cent,  of  waste  taken  out  from  under  the 
hollow-shaft  beaters  was  greater  than  that  taken  out  from 
under  the  solid-shaft  beaters,  yet  this  excess  was  offset  by  the 
less  amount  of  waste  from  the  trunk  and  that  unaccounted 
for. 

A  large  variation  was  found  in  the  speed  at  which  beaters 
were  running,  the  lowest  being  1,050  and  the  highest  being 
1,710  revolutions  per  minute.  The  least  number  of  blows 
delivered  by  a  beater  under  breaker  pickers  is  2,620  per  min- 
ute, the  greatest  number  is  4,480 ;  the  least  number  under 
finisher  pickers  is  2,500  and  the  greatest  is  4,260.  The 
average  number  of  blows  delivered  by  a  beater  under  breaker 
pickers  is  2,996,  under  finisher  pickers,  2,957 ;  and  the 
average  number  for  all  beaters  is  2,979.  The  least  number  of 
blows  delivered  per  minute  in  any  one  entire  process  from 
opener  to  finisher  is  9,240  and  the  greatest  number  is  20,820, 
the  average  number  for  the  twenty  mills  being  16,618 ;  the 
least  number  occurring  in  a  mill  where  there  were  three 
processes,  a  breaker,  an  intermediate  and  a  finisher  of  one 
beater  each,  or  a  total  of  three  beaters  and  a  preparer ;  the 
greatest  number  occurring  in  a  mill  using  a  preparer  and 
beater  attached  by  a  cleaning  trunk  to  a  breaker  picker  of 
three  beaters,  and  using  a  finisher  picker  of  two  beaters,  or  a 
total  of  six  beaters  and  a  preparer.  This  variation  in  the 
speed  of  beaters,  as  well  as  the  variation  in  the  speed  of  feed- 
rolls,  and  in  the  distance  at  which  beaters  are  set  from  feed- 
rolls,  does  not  seem  to  depend  with  any  regularity  upon  the 
requirements  of  the  stock  used.  In  too  many  cases  these 
things  remain  the  same  year  after  year,  and  the  same  amount 
of  cotton  is  pushed  through  the  pickers  without  regard  to  any 
difference  in  the  length  or  character  of  staple. 

As  a  rule,  beaters  are  set  nearer  to  the  feed-rolls  the  farther 
they  are  removed  from  the  opening  process ;  the  average  dis- 
tance for  first  beater  after  the  opener  being  one-third  of  an 
inch,  and  for  the  last  beater  in  the  finisher  less  than  three- 
sixteenths  ;  the  average  distance  for  all  beaters  being  -^^  of 
an  inch,  and  the  diameter  of  feed-rolls  two  inches ;  giving  an 
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average  distance  from  bite  of  feed-rolls  to  blade  of  beater  of 
1^2  inches. 

Advancing  from  opener  to  finisher  the  amount  of  waste 
taken  out  by  each  beater  diminishes ;  but  quality  as  well  as 
quantity  is  important  in  this  consideration,  for  there  is  much 
good  fibre  often  taken  out  in  picking  which  might  be  kept  with 
advantage  in  the  work;  the  best  picker  in  this  respect  being 
that  which  removed  the  greatest  amount  of  foreign  matter  and 
the  least  amount  of  fibre,  and  did  the  least  injury  to  the  staple, 
leaving  the  removal  of  all  unsuitable  fibre  for  the  card. 

The  lightest  lap  found  on  a  breaker  picker  weighed  9.4 
ounces  per  yard,  the  heaviest  20.43  ounces,  the  average 
weight  of  the  breaker  lap  being  13.97  ounces  per  yard.  The 
smallest  production  on  a  breaker  picker  was  found  to  be  3.5 
yards  of  lap  per  minute,  giving  a  theoretical  product  for  ten 
hours  of  2,062  pounds;  the  largest  production  11.66  yards  per 
minute,  or  6,562  pounds  for  ten  hours;  the  average  being 
7.66  yards  of  lap  per  minute,  or  a  theoretical  product  of  4,015 
pounds  for  ten  hours. 

The  lightest  lap  found  on  a  finisher  picker  weighed  8.35 
ounces  per  yard,  the  heaviest  13.8  ounces ;  the  average  weight 
of  the  finisher  lap  })eing  10.92  ounces  per  yard.  The  smallest 
production  on  a  finisher  picker  was  found  to  be  2.5  yards  of  lap 
per  minute,  giving  a  theoretical  production  for  ten  hours  of 
1,294  pounds  ;  the  largest  production,  8.67  yards  per  minute,  or 
3, 391. pounds  for  ten  hours;  the  average  being  5.28  yards  of 
lap  per  minute,  and  a  theoretical  production  of  2,131  pounds 
for  ten  hours. 

The  smallest  actual  production  of  a  breaker  picker,  esti- 
mated in  yarn,  was  found  to  be  1,276  pounds  for  ten  hours, 
the  largest  3,269  pounds,  and  an  average  of  2,357  pounds  for 
ten  hours.  The  smallest  actual  production  of  a  finisher  picker, 
estimated  in  yarn,  was  found  to  be  722  pounds  for  ten  hours, 
the  largest  1,899  pounds,  and  an  average  of  1,363  pounds  for 
ten  hours. 

A  great  difference  was  found  in  the  length  of  time  during 
which  pickers  are  actually  in   operation,  in    some   cases   not 
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averaging  more  than  two-thirds  of  the  running  time  of  the  mill. 
This  amount  of  stoppage  is  not  necessary,  surely,  for  cleaning 
purposes,  and  if  partly  utilized  would  allow  lighter  and  more 
thorough  picking.  A  great  disadvantage  in  most  picker-rooms 
is  in  crowding  through  more  work  than  the  pickers  can  prop- 
erly take  care  of,  to  sacrifice  quality  to  quantity  of  work. 

Manufacturers  of  lappers  urgently  call  attention  to  this  mat- 
ter, and  in  those  mills  where  new  pickers  have  recently  been 
put  in  a  much  less  amount  of  cotton  is  put  through  a  machine 
than  is  the  case  in  many  mills  where  the  pickers  have  been  run 
for  a  long  period  of  years.  Especially  since  the  introduction 
of  English  cards  has  the  necessity  been  felt  for  more  thorough 
picking,  and  the  advantages  of  it  in  the  subsequent  processes 
more  than  make  up  for  any  additional  cost. 

In  the  per  cent,  of  loss  in  picking  there  is,  of  course,  a  large 
variation,  owing  to  the  difiference  in  grades  of  stock  used. 
The  total  loss  from  bale  to  finisher  laps  averaged  9.32  per 
cent.;  the  smallest  total  loss  was  6.24  per  cent.,  the  largest 
16.42  per  cent.,  the  difference  being  over  10  per  cent.  The 
average  per  cent,  of  tare  in  hoops  and  sacks  was  4.25  per  cent. ; 
the  average  loss  in  waste  5.07  per  cent.  The  practice  in  mills 
of  testing  each  lot  of  cotton  used  to  ascertain  amount  of  loss  in 
picking  is  not  as  general  as  would  seem  advisable ;  for  exam- 
ple, in  two  lots  of  cotton  with  a  difference  of  seven-eighths  of 
a  cent  intprice,  the  actual  difference  as  found  by  working  them 
was  as  great  as  three  cents. 

The  lowest  cost  of  picking  found  was  .058  cents  per  pound, 
the  highest  .137  cents,  the  average  cost  being  .094  cents  per 
pound ;  this  difference  is  due,  of  course,  to  a  variety  of  causes, 
but  an  examination  of  all  the  details  enumerated  will,  in  most 
every  case,  afford  an  explanation. 

The  importance  of  the  trunk  as  a  means  of  cleaning  cotton 
is  now  generally  acknowledged,  particularly  in  cleaning  low 
grades  of  stock.  The  arrangement  of  a  trunk  system  where  the 
opener  trunks  down  to  the  picker,  or  where  both  are  on  the 
same  floor,  is  preferable  to  the  system  of  trunking  up  from 
below ;   for  a   much  less  current  of  air  is  required,  thereby 


12 

allowing  the  cotton  to  be  drawn  along  more  gently  over  the 
grid-bars  of  the  trunk  and  to  become  more  thoroughly  opened, 
and  allowing  the  sand  to  fall  out  more  readily.  The  length  of 
trunk  given  in  each  case  is  the  length  of  actual  cleaning  trunk 
in  which  grates  are  placed. 

The  smallest  dust-room  capacity  found  was  225  cubic  feet 
per  fan,  the  largest  capacity  2,186  cubic  feet,  the  average  being 
1,045  cubic  feet  per  fan.  The  smaUest  area  of  dust-chimney 
or  outlet  found  was  115  square  inches  per  fan,  the  largest  7^J 
square  feet,  the  average  being  3\  square  feet  per  fan.  The 
average  dust-room  capacity  per  fan  is  considerably  below  that 
usually  recommended,  which  is  1,700  cubic  feet  per  fan;  the 
average  area  of  dust-chimney  or  outlet  is  fully  up  to  that  usu- 
ally recommended,  which  is  3  square  feet  per  fan. 

I  would  strongly  recommend  the  removal  of  all  screens  and 
nettings  from  dust-rooms,  so  that  the  outlet  may  be  perfectly 
open  and  free  at  all  times.  With  the  capacity  of  dust-room 
and  the  area  of  outlet  as  recommended,  and  dust-flues  with  an 
area  of  216  square  inches  per  fan,  the  currents  of  air  will  be 
sufficiently  light  so  that  no  waste  cotton  will  be  carried  away. 
This  has  much  to  do  also  in  regard  to  the  splitting  of  laps,  a 
very  common  source  of  trouble,  which  may  be  avoided  almost 
always  by  a  proper  regulation  of  the  fan-drafts. 

Another  matter  to  which  attention  might  well  be  directed 
is  the  advisability  of  large  mixings ;  for  in  the  Itejority  of 
picker-rooms  there  is  not  sufficient  space  for  opening  more  than 
a  very  limited  supply,  so  that  cotton  is  often  fed  to  the  pickers 
directly  from  the  bale. 

It  is  here,  and  in  more  thorough,  but  not  excessive,  picking 
that  improvement  may  be  made. 
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PREPARATION. 

B  J  whom  Cotton  Is 

Where  Mixed. 

»r  Bales 
ipenlog. 

How  long  Opened 

Air  Warmed  besides 

Opened. 

•s? 

before  Used. 

2  - 

Circulation. 

1^ 

r- 

« 

1  BpM«  hands. 

In  bins 

86 

Not  over  ^  day, . 

420 

Air  drawn  from  carding 
and  spinning  rooms. 

On  floor  of  picker.room, 

50 

From  1  to  3  days. 

100 

- 

1     elrippers. 
ITard  hands. 

In  bin,    .... 

00 

From  1  to  10  days, 

30 

Air   drawn  from  card- 

i  \  Yard  hands  and  picker 

In  bins,  .... 

00 

Not  over  2  days,  . 

180 

room. 
Air  drawn  from  carding 

1    hands. 

and  spinning  rooms. 

1 1  Vl^er  hands  and  card 

250 

From  1  to  0  days, 

250 

Air  drawn   from    base- 

\   strlppen. 
t|  Spars  hands. 

On  floor  of  picker-room, 

00 

Not  over  1  day,    . 

800 

ment  of  mill. 
Air   drawn  from    card* 
roomsand  boiler  bou^. 

1 1  Spars  hands. 

On  floor  of  picker-room , 

11 

Not  over  ki  day,  . 

200 

Air   drawn   from  base- 
ment of  mill. 

1 1  Yard  hands  and  picker 

On  floor  of  picker-room, 

40 

From  1  to  14  days. 

20 

Air   drawn   from  card- 

lands. 

room. 

itlPleksr  hands. 

In  bins,  .... 

120 

From  1  to  3  days, 

240 

- 

m 

Pkksr  hands. 

In  bins 

45 

Not  over  1  day,    . 

225 

Air   drawn  from  card- 

Spart  hands. 

On  floor  of  picker-room. 

125 

Not  over  2  days,  . 

375 

room. 
Air  drawn   from   base- 
ment of  mill. 

In  bins 

— 

Used  as  soon  as 
opened. 

450 

Air  drawn  from  carding 
and  spinning  rooms. 

p 

Spars  hands. 

In  bins 

00 

Not  over  1  day,    . 

300 

-              - 

l'  Tard hands,. 

On  floor  of  picker-room, 

143 

From  1  to  0  days, 

143 

- 

^1  Spars  hands. 

On  floor  of  picker-room, 

42 

Not  over  ^  day,  . 

500 

Air    drawn  from  card- 

^   Yard  hands  and  card 

' 

rooms. 

On  floor  of  picker-room, 

100 

From  1  to  3  days, 

200 

Air    drawn  from  card- 

y      strtppers. 

On  floor  of  picker-room, 

100 

From  1  to  3  days, 

200 

room. 
Air  drawn   from  card- 

In  bins 

133 

Not  over  2  days,  . 

400 

ruuin* 

Air  drawn  from    base- 
ment of  mill. 

>    Spare  hands. 

On  floor  of  picker-room. 

47 

Not  over  IX  days, 

188 

Air   drawn    from  card- 
room  and  engine-room. 

1  Yanf  hands. 

In  bin 

25 

From  1  to  4  days, 

37 

" 

j 

1 

1 

BiinM. 

1 

i 

i 

i 

J! 

nil 

It 

KMMn.       . 

P«p.r...  .       . 

IM 

8 

ats 

i,aM 

IfltO 

K- 

3- 

.11 

.11 

RIUOD.          . 

F»p«w.  .       . 

IM 

8 

uo 

I,MO 

iflta 

Ji- 

sx- 

.n 

Ji 

Kltwn,       . 

Pnpuw.  .       . 

IM 

8 

MO 

1.1» 

ii- 

8" 

-H 

ad 

H 

i,a« 

S.6» 

S,MO 

i-li" 

■X" 

.43 

I.N 

KlUOB.          . 

rnp«ar.  .       . 

lit 

S 

4ID 

8S0 

K' 

r 

.» 

ad 

H 

1^ 

3.01* 

4.4gi 

«" 

av 

M 

.m 

KltHD.          . 

Pnpuu,  . 

"" 

S 

X- 

s- 

.H 

j» 

10 

SiiMoa.      . 

Prepmr.  .       . 

w 

8 

W) 

TM 

«" 

3" 

.IT 

« 

B 

1,1» 

3,640 

4,»M 

«■ 

««- 

.» 

M 

Kll«t>.       . 

Pnpuct.  .       . 

8 

BIO 

1,«0Q 

1,*Q0 

«" 

8- 

.40 

M 

KlUOD.          . 

Loni.         .        . 

in 

a 

1.1M 

»,37S 

s,si& 

V 

SX- 

.1* 

.14 

KIliOQ.          . 

Praptrer. , 

111 

8 

no 

t,Ml 

K- 

r 

.11 

Id 

S 

i,i«i 

4,U0 

i,w> 

X- 

a- 

.S 

* 

Kluon.       . 

Pnpirar,  . 

111 

B 

wa 

!.«• 

M' 

r 

.w 

-. 

SUek  WhLpp..r. 

^ 

'} 

1.1»5 

3,6M 

'Z 

\- 

Vf 

.n 

i.n 

« 

12 

KlUDD.          . 

P«l««r,  .       . 

in 

B 

SIS 

1.760 

1,JS0 

T.18" 

Hi- 

.• 

.a 

IS 

KlUOQ,          . 

Frepu«r,  - 

in 

B 

TW 

1,S§0 

1,530 

3.10- 

3\- 

i.fi 

ijr 

>i 

IKIum.       . 

Prep»rtr,  . 

IK, 

H 

i 

SW.»A.,    . 

Whlpp.r,  .       . 

in 

B 

1,»W 

4.0J0 

4.<»0 

«- 

aj<- 

.18 

.H 

u 

■;! 

1  KIIMD, 

UW.SA.,    . 

WWpp.r,  .       . 

1st 

8 

i,sia 

*.03i 

WOS 

X" 

a«- 

.41 

.U 

» 

AlhertOD,  . 

m,lpp<-r.  .       . 

in 

B 

i.a« 

3,«a6 

3,»U 

V- 

aji- 

.40 

.41 

11 

■n-hlpp.r.  .        . 

IM 

H 

3,tM 

3.4U 

i.ir 

SK- 

1.00 

1.M 

18 

W.ft'A.,    . 

Whlpp«, .        . 

in 

8 

l.SK 

3,aeo 

3,0M 

if 

»H" 

.u 

.B 

U 

W.*A.,    . 

WWpp.r,  .       . 

in 

S 

1,190 

3,1170 

11-13- 

!.«(- 

.13 

u 

B 

,,„ 

S.OM 

S,8M 

8-W" 

r 

.w 

l.» 

30 

' 

W.llA.,    . 

Wlipper.  -       . 

in 

« 

- 

3,1N 

3,180 

Mr- 

vt- 

.» 

Jl 

BBKAKKBS. 

i 

i 

1 

1 

1 

j 

Hr-Xem  of  Truok.. 

1 

1. 

s 

ii 

I 

=  1 
la 

^1 

"2 

S3 

if 

10 

a 

u 
li 

w 

10 

-1 

u 

KU*OD,  .        . 

ST.L^fctJo..' 
KlUOD.  .         . 
KlUon.  .       - 
Ktuon.  .        . 

KlUOD..          . 
KlUOD.  .           . 
KlUOD.  .          . 
2  KlUOD,  .          . 

S  W.  fc  A.,       . 
t  Hetlwrlngtan, 
S  KlUOD.  .       . 

0  KtUlHI,  '. 

!Kh;.   : 
I.™, . 

iSTi.-.   1 
,!STa;   1 

t  KlUOD.  . 

AlhanoD,      . 
W.HA.,       1 
W.  k  A.,       . 
W.KA.,       . 

Lord.      . 
Lord,      . 

Lord,      . 
Urd.      . 
Lard.      . 
Lord.      . 
W.S.II.. 
Lord,      . 

S:1!S:: 

Lord.      . 

W.&H.. 
W,  k  B.. 
Lord.      . 
W.  X  B., 
W.  k  H., 

W.  fc  H., 

W.k  H., 

£,S.--:I 

O..P..I 
O..P..I 

C.  ft  P., 

- 

-  ! 

o.«-..| 

-  t 
■  1 

OpsDora  [rdDk  luckward 
to  brnkem. 

OpoDer*  Inink  hMkwmrd 
■nd  up  V>  bnwkDn. 

OpeD-AruDk.  b«j.w«d 
aud  dowD  lo  brvaket. 

OpfDBr.lrDDkbMkw«nl 
■Dd  dowD  10  bmkan. 

Opmcn"  trDD^kbHkward 

Opcnffrslrnnklorttard  lo 

Opmera  MTink  bMkward 
■nd  up  U>  brf  kken. 

- 

IT 
IS 

M 
80 

S.M 

7.O0 
7.M 

Jhi, 
5.26S 

2.I>M 

a.iMS 

4.W8 

MU 

a,400 

3,  IN 

t,i»i 

S,OM 

a,Ma 

3,S-S 
3,000 
fl,.%03 
3,006 
8,100 

2,»M 
l,M« 
l,M4 

a,81H 
2,MS 
3.3BB 

t.m 

a,w3 
a.mi 

],WS 

wn 

S,7M 

3,H7 

3,523 

n  roprawau  tba  aetnaJ  pradnet  of  tba  mill  In  cloth  or  yuni,  divided  bj  tha  DDinbtr  at 
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BtlEAEERS. 


48'  to  W 
24'  M  31' 


*  Wuu  MM  made  on  tiro  bMt«T  busUdm. 


17 


s 

h 

h 

1: 

1  i 

. 

i 

1 

It 

SE 

1-5 

i :  1 

1 

1 

1 

1 

t^ 

11 

l^« 

01. 

ItH. 

ItM. 

1 

so 

Kit™,         .       . 

Lord,     .       ) 

'S^ftP.,  1 

a 

10.» 

e,M 

a.i» 

1,421 

I^rd. . 

2,ooa 

um 

■  1 

aKii.™,"    : 

Urd,    V      ! 

C.kP..      . 

*l 

■IT.L.IS  Co.,        . 

W.&H,,       . 

Lord,.       . 

11.00 

3.W 

KIUOD, 

Lord.     .       - 

cbK    . 

S,006 

i.ew 

6 

12 

Kluoa.         .        j 

SW.a'H.'. 

Lord..       . 

i2.:a 

bM 

S.700 

i,»i 

« 

M 

K1Uq>i.  •      .       . 

I^id,     . 

.'.a.'-   1 

la.er 

iM 

2.031 

1,«J4 

T 

IS 

KU«n.         .       . 

Lord.     . 

■'St?:;  : 

iiio 

HM 

2.M* 

1,400 

KtUoD.           .         . 

Lonl,     .       . 

2,1011 

1,21« 

• 

'1 

*  Kii«'n,'    :    : 

i»„;,   1 

cap..    . 

9.61 

eas 

Z,OiS 

10 

10 ! 

W..H.,      1 

Lord,.        ( 
C.  k  P..      i 

111.43 

8.0T 

3,301 

1.BM 

11 

n 

19  Klt««>,           .         . 
BLonl.    .        .       . 

,Kh'     ' 

Lord,.       . 

12.00 

4.18 

1.SM 

1,IM 

12 

23 

11  Klt*ii,' 

ai  Lord, 

19  Lord^  .        ) 

10.00 

4.81 

l.Ml 

liMl 

IS 

IS 

Kl,^=.         .        j 

ilK-rd*"-;   ( 

10.84 

i.4» 

2,111 

1.140 

2  W.  t  B.,      .        1 

t 

a  Kluon,         . 

W.RH,.       . 

Lord,  .        . 

4.S3 

1.050 

1,I4« 

«  W.  fc  A.,      . 

4  Lowell,                 1 

S  Lord,     .        ( 

it 

^T^Uoo.         .        j 

- 

Lord,.        . 

10.00 

>*■"' 

ifln 

1,4M 

la  W.  k  H..       1 

IS 

'] 

e  wl"  A..  : 

W.  ft  H..       . 

I.ord,  .       . 

«31 

fl.lT 

1.031 

lifiU 

w.ftH.;  .    . 

W.lkH.*      . 

Urd, .       . 

t.31 

1.3SS 

1.11S 

( 

4I«lBb,   . 

IS 

" 

8  KiJoi.         .       . 

3  Lord.     .        j 

Lord..       . 

bM 

WT* 

( 

7W.&-A..      .       . 

14  W.  K  B.,       I 

W.  *A..      .       . 

0.33 

s,oo 

l.TM 

1.3SI 

» 

' 

W.fcA..      .       . 

w.ftn.;   : 

Lord,.        . 

_J_ 

l.-tM 

ifia 

[Last  e«lamn  raprtHDM  llic  ncliuil  prodaol  ot  Iba  mill  In  cloth  oi 
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FINISHERS. 


Bbatebs. 


• 

i 

• 

1 

a 

a 

Hollow  or 
SoUd. 

1 

00 

Blows  per 
MlQOte. 

Total  Blows 
per  Minute. 

Diet,  from 
Feed-roll. 

Diameter  of 
Feed-roll. 

Per  oent. 
WMte. 

• 

S 

M 

^8 

J5 

ij 

1st 
2d 

Solid.    . 
Solid,    . 

1,395 
1,305 

2,790 
2,790 

5,580 

6,100 
2,600 

5,780 

6,000 
5,880 
6,160 
5.400 
5,600 
5,940 
6,660 
5,800 
5,980 
6,780 
5,580 
5,920 

8,529 
6,440 
6,000 
5,570 

2^" 
2" 

.32 
.22 

.64 

.60 
.S3 

.64 

.81 
.65 
.82 
.44 

.22 
.82 
.50 
.TO 
2.12 
.48 
.34 
.60 

.40 
2.42 

.70 
1.00 

40'toMr 

2 

1st 
2d 

Solid,   . 
Solid,    . 

1,515 
1,535 

8,030 
3,070 

2" 
2" 

.30 
.90 

12"  to  or 

8 

1st 

Ist 
2d 

Hollow, 

1,300 

2,600 

H" 

2" 

.33 

- 

•1 

Hollow, 
Hollow, 

1,445 
1,445 

2,890 
2,890 

3-16" 
8-16" 

2" 
2" 

.41 
.23 

- 

•t 

1st 

2d 

3d 

Hollow, 
Hollow, 
Solid,   . 

1,500 

1,500 

740 

3,000 
3,000 

8^" 

2" 
2" 
2" 

.37 
.27 
.17 

3or 

6 

1st 
2d 

Hollow, 
Hollow, 

1,470 
1,470 

2,940 
2,940 

2" 
2" 

.31 
.24 

i5'to4flr 

7 

1st 
2d 

Hollow, 
Hollow, 

1,540 
1,540 

3,080 
3,080 

^3-16" 
3-16" 

2" 
2" 

.61 
.81 

86' to  or 

«1 

1st 
2d 

Hollow, 
Hollow, 

1,350 
1,350 

2,700 
2,700 

8-16" 

2" 
2" 

.28 
.16 

- 

0 

1st 
2d 

Solid,   . 
Solid,    . 

1,400 
1,400 

2,800 
2,800 

3-16" 

2" 
2" 

.11 
.U 

28' 

10 

1st 
2d 

Solid,    . 
Solid,   . 

1,485 
1,485 

2,970 
2,970 

3-16" 
3-16" 

IJi" 
2H" 

.61 
.31 

- 

11 

1st 
2d 

Solid,   . 
Solid,    . 

1,620 
1,710 

3,240 
3,420 

2" 
2" 

.30 
.20 

40- 

12 

1st 
2d 

Solid,   . 
Solid,    . 

1,4.50 
1,450 

2,900 
2,900 

H" 

2" 
2" 

.60 
.20 

0'  to  or 

13) 

1st 
2d 

Solid,   . 
Solid,   . 

1,500 
1,490 

3,000 
2,980 

3.16" 
3.16" 

2" 
2" 

1.17 
.06 

17'  toao* 

"1 

Ist 
2d 

Solid,    . 
Solid,   . 

1,695 
1,695 

3,390 
3,390 

3-16" 

hi" 

2" 
2" 

.22 
.27 

0' totr 

16 

Ist 
2d 

Solid,   . 
Solid,   . 

1,540 
1,260 

3,080 
2,500 

2" 
2" 

.22 
.12 

ir 

!«! 

1st 
2d 

Solid,   . 
Solid.    . 

1,440 
1,520 

2.880 
3,040 

3-16" 
}i" 

2" 
2" 

.40 
.26 

oor 

17 

1st 

2d 

3d 

Solid,    . 
Solid,    . 
Solid,    . 

1,420 
1,420 
1,285 

4,260 
4,260 

1-10" 

2" 

2" 
\%" 

.28 
.23 

27'  tosr 

18 

1st 
2d 

Hollow, 
Hollow, 

1,610 
1,610 

3,220 
3,220 

3-16" 

2" 
2" 

1.38 
1.04 

. 

10 

1st 
2d 

Solid,    . 
Solid,   . 

1,480 
1,520 

2,900 
3,040 

>4" 
%" 

2" 
2" 

.44 
.32 

- 

20 

1st 
2d 

Solid,    . 
Solid,   . 

1,395 
1,390 

2.790 
2,780 

3-16" 
3-16" 

2" 
2" 

.85 
.76 

- 

19 


i 

1 

i 

r 

ll 

5= 

1 

1 
1 

1= 

i 

Qnde  si  CoUon. 

■s 

1^ 

il 

1 

.11 

.77 

^ 

. 

4.!B 

W.!8 

1.04 

i«i 

ODOd  mIddJLliK,    .        . 

87.873 

600 

no 

a'i 

» 

.3$ 

M, 

.«) 

- 

Ut 

K.B1 

\M 

too 

Oood  mlddllDi,    .        . 

]S,16» 

e;Mi 

18 

*r* 

X 

IJM 

JO. 

^ 

. 

6.1J 

>a.7« 

IXl 

loo 

0»d  middling.    .       . 

IfiW 
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bnaker  pirhcr  wittiout  Cmnki  Xos.  4,  6,  9,  10  hare  tbe  preparer  and  o 
bealer  aitoclied  to  ibe  hrcHkcr  p<ckcr  hj  a  cleaning  trunk ;  Nob.  16,  17.  18  Iutb  tbe  floxlble  whl|f« 
beater,  attaclied  to  tbe  rireakcr  picker  liy  a  cleaning  trank ;  Noa.  U,  IS  of  tbe  tnilU  faftTe  bulk  MM 
preparer  and  one  l>eBter  with  a  denning  trunk,  and  also  tbe  wbipper  twatBT,  with  ■  claanlng  tmA 
running  Bide  liy  Me.  Of  ibe  retunlnlng  Hve  mills,  No.  11  faae  the  preparer  and  one  \»Ua  ataiital 
directly  to  tbe  breaker  picker  wlibuut  trunk,  forming  the  B(M;alled  duplex  pattern,  and  tn  addltkM  M 
tfalB  the  ttlck-irhlpper  used  as  an  opener;  No.  S  has  a  single  beater,  similar  to  tlM  t^vd  ofMi^ 
attached  to  tbe  breaker  picker  by  a  cltanlng  trunk;  No.  6  hai  a  "  acralcber"  bi  place  of  tba  [ii«iij<>S 
beater  In  tbe  preparer  atiacbed  directly  to  tbe  breaker  picker  wlthont  tmnk ;  No.  30  hai  itm 
whipper  beater  attached  directly  to  the  breaker  picker  without  trunk;  and  No.  19  hM  the  wUifM 
beater  and  one  rigid  beater  attached  to  tbe  breaker  picker  by  a  cleaning  trunk ;  lo  ibat  ool  of  Ika 
twenty  mills  there  are  eight  different  arrangementa  (or  opeaing,  not  Including  tlie  method  of  Mtaf 
tliree  proceisei,  a  breaker,  an  Intermediate,  and  a  UniBher. 
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Mr.  H.  C.  Perham.  I  have  listened  to  the  reading  of  the 
**  Investigation  of  Pickers"  made  by  Mr.  Reed,  with  a  great  deal 
of  interest,  and  while  it  shows  a  vast  amount  of  work,  is  very 
.creditably  written  and  treats  the  subject  in  nearly  all  its  de- 
tails, it  fails  to  give  us  any  information  whatever  in  regard  to 
the  evenness  of  laps  found  in  any  one  of  the  twenty  mills  enu- 
merated.  It  also  fails  to  show  any  comparison  between  mills 
using  the  Three-process  System  and  Two-process  System  of 
picking,  only  one  mill  (No.  3)  being  cited  as  using  interme- 
diate machines.  Now  I  think  these  two  points  play  pretty 
important  parts  in  the  question  of  picking.  Since  the  intro- 
duction, or,  I  might  say,  the  more  general  adoption  of  the 
revolving  flat  card,  greater  attention  has  been  paid  to  the  even- 
ness of  picking  by  both  the  machine  builder  and  manufacturer, 
and  the  result  has  been  that  a  great  many  mills  have  adopted  the 
Three-process  System  in  order  to  get  more  doublings  and  an 
extra  evener;  that  is,  an  evener  on  the  intermediate  ma- 
chine. 

As  far  as  my  experience  goes,  nearly  all  the  mills  at  the 
present  time  adopting  the  English  system  of  carding  are  using 
femtr  becUers  in  their  system  of  picking,  and  more  machines^  some- 
times working  as  few  as  one  beater  in  each  of  the  breaker,  inter- 
mediate and  finisher  machines,  but  more  generally  two  io  the 
breaker  lapper  and  one,  each,  in  the  intermediate  and  finisher 
lappers ;  doubling  three  or  four  into  one  through  eveners  on  the 
last  two  machines. 

In  other  mills,  where  the  opening  and  finishing  are  located  on 
dififerent  floors,  the  same  finishing  process  is  retained,  but  an 
additional  beater  is  often  supplemented  in  an  opener,  which  is 
connected  by  a  cleaning  trunk  to  the  breaker  lapper,  making  a 
system  of  five  beaters. 

Having  had  occasion  lately  to  divide  several  two-beater  finisher 
lappers  into  single-beater  machines,  I  made  a  few  weighings 
between  the  two  systems,  using  the  same  breaker  laps  in  both 
instances  and  the  same  evener  throughout,  thus  forming  a  fair 
comparison.     The  machines  were  the  Kitson-Lord  pattern,  with 
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the  Kitson  solid-roll  eveners,  and  ten  consecative  yards  from 
the  two-beater  finisher  weighed,  respectively,  13J,  12J,  13J, 
13,  13|,  12|,  13^,  13^,  14,  13|  oz.,  the  extreme  yariation 
being  1^  oz. ;  and  from  the  single-beater  finisher,  the  breaker 
laps  first  passing  through  an  intermediate  machine,  the  weights 
obtained  from  ten  consecutive  yards  were  12|,  13^,  13^,  13^, 
13|,  13^,  13|,  13}^,  13^,  13|  oz.,  the  extreme  variation  being 
I  of  an  oz., — showing  in  favor  of  the  Three-process  System,  with 
an  evener,  which  we  class  to-day  as  next  to  a  geared-up  toll 
feed.  I  have  made  weighings  in  three  other  mills  fitted 
up  with  Three-process  picking,  as  follows :  Kitson  make, 
Walker  &  Hacking  pattern,  with  Clarke  &  Perham  sectional 
eveners,  four  beaters  in  the  whole  system ;  ten  consecutive  laps 
from  the  finisher  lapper  weighed,  respectively,  14 J,  14 J,  14 J, 
14^,  14]^,  14J,  14^,  14J,  14J,  14^  oz.,  extreme  variation  being 
J  of  an  ounce.  In  another  mill,  having  Kitson-Lord  pattern 
machines,  with  Clarke  &  Perham  sectional  eveners,  three  beaters 
and  preparer  making  up  the  whole  system,  ten  consecutive 
yards  weighed,  respectively,  10,  10^,  lOf ,  lOf,  lOJ,  lOJ,  lOJ, 
10]^,  10 J,  10^  oz.,  showing  an  extreme  variation  of  |  of  an 
ounce  ;  and  in  the  third  mill,  which  was  fitted  up  with  the  Bat- 
son  New  Model  duplicate-part  machines,  with  Clarke  &  Perham 
sectional  eveners,  five  beaters  and  preparer  making  up  the  sys- 
tem, ten  consecutive  yards  weighed,  respectively,  14^,  14J, 
14^,  14J,  14|,  14J,  14^,  14J^,  14^,  14^  oz.,  extreme  variation 
being  ^  of  an  ounce.  The  mill  first  reported  is  the  only  one 
that  has  come  to  my  notice  having  both  processes  of  picking  on 
the  same  work,  and  if  any  gentleman  present  has  any  data  oh 
this  subject  I  should  be  pleased  to  hear  from  him. 

The  President.  I  should  like  to  call  the  attention  of 
members  to  the  table  on  page  19  on  ''  Waste,"  which  I  think 
covers  several  quite  important  points.  That  table  was  pre- 
pared by  Mr.  Reed  very  carefully.  It  is  a  subject  in  which 
he  took  a  great  deal  of  interest,  and  he  thought  that  table  was, 
perhaps,  the  most  valuable  one  there  was  in  connection  with 
his  report.     There  is  one  matter,  which  will  be  found  in  a  note 
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at  the  bottom  of  the  page,  which  I  think  is  of  interest,  showing 
the  percentage  of  waste  which  comes  from  the  different  quali- 
ties of  stock.  You  will  see  that  there  is  quite  a  unifoim  vari* 
ation  in  the  quantity  of  clean  cotton  for  working  that  comes 
from  middling,  low-middling  and  strict-middling.  Then  ther^ 
is  another  matter  in  connection  with  the  table  that  I  noticed  ad 
I  was  looking  it  over,  and  that  is,  the  relative  amount  of  waste 
that  is  obtained  from  those  mills  with  a  trunk  and  those  without 
a  trunk.  I  have  always  supposed  that  the  trunk  took  out  more 
waste  than  was  taken  out  without  it ;  but  in  looking  over  this 
report  I  see  that  in  all  those  mills  where  they  have  the  trunk, 
while  there  is  a  certain  amount  of  waste  taken  out  by  the 
trunk,  there  is  always  a  certain  amount  of  waste  unaccounted 
for,  and  taking  the  two  quantities  together  and  adding  them  up 
we  find  that»  the  total  amount  of  waste  included  in  the  two 
columns,  —  that  is,  the  column  giving  the  per  cent,  of  waste 
from  the  trunk  and  the  per  cent,  unaccounted  for  in  all  the 
mills  using  trunks,  —  was  1.99  per  cent. ,  while  in  the  mills 
that  were  not  using  any  trunk,  those  columns  contain  3.11, 
ilhich  would  seem  to  show  that  there  was  really  more  taken 
out  without  the  trunk  than  there  was  with  it.  I  then  took  the 
mills  using  good  middling  cotton,  of  which  there  were  two 
with  the  trunk  and  one  without,  and  the  result  shows  that  with 
the  trunk  there  was  1.48  per  cent.,  and  without  the  trunk 
there  was  1.65  per  cent.  That  same  thing  follows  through 
all  the  other  grades  of  cotton.  It  is  rather  a  curious  result 
to  me.  I  do  not  know  how  it  is  with  other  people,  but  if 
anybody  has  anything  to  say  on  that  point  I  should  b^  glad 
to  hear  from  him,  because  I  think  it  is  rather  an  important 
matter. 

A  Member.  Do  I  understand  the  mill  numbers  represent 
the  same  mills  all  the  way  through  ? 

The  President.  I  understand  that  is  the  case ;  in  fact,  I 
know  it  is  the  case.  It  was  thought  desirable  in  making  the 
investigation  not  to  give  the  names  of  the  mills,  as  some  people 
objected  to  having  the  details  put  down  if  the  name  of  the  mill 
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was  known,  and  the  tables  have  been  arranged  so  that  all  the 
details  in  regard  to  the  different  mills  can  be  followed  through 
by  paying  attention  to  the  numbers. 

Mr.  Atherton.  Mr.  President,  a  number  of  years  ago  Mr. 
Sawyer,  of  the  Appleton  Company,  wanted  to  find  out  whether 
there  was  any  merit  in  the  trunk ;  so  he  had  two  machines  built, 
and  he  wanted  us  to  open  one  of  them  —  that  is,  separate  it 
into  two  sections — and  put  in  a  trunk,  and  test  it  alongside  of  a 
machine  which  was  just  exactly  as  that  machine  was  before  it 
was  changed.  We  did  so,  and  put  in  about  fifty  feet  of  trunk. 
We  ran  those  two  machines  together,  and  weighed  the  cotton 
before  we  put  it  in  and  weighed  the  waste,  and  there  was  no 
difference  whatever  in  the  result.  In  the  case  of  the  machine 
that  had  the  trunk  the  waste  went  into  the  trunk;  there 
was  scarcely  any  under  the  machine.  Where  the  trunk  was 
not  used  there  was  quite  a  lot  of  dust  under  the  machine,  of 
just  exactly  the  same  kind  as  that  which  was  found  in  the  trunk 
of  the  machine  that  we  put  the  trunk  into ;  showing,  in  that 
case,  that  the  dirt  was  simply  transferred  to  the  trunk  which 
would  have  gone  out  into  the  dust  room  and  down  under  HA 
machine. 

The  President.  These  questions  in  regard  to  the  use  of 
a  trunk  are  of  some  importance,  because  a  trunk  costs  some- 
thing, and  if  we  are  only  going  to  get  out  the  same  amount  of 
dust  any  way,  we  should  not  want  to  lay  out  money  in  putting 
in  a  trunk. 

Mr.  Peru  AM.  I  presume  Mr.  Atherton's  statement  is  all 
right,  but  I  would  like  to  ask  the  question  why  Mr.  Sawyer 
adopted  trunks  in  the  Appleton  Mill  shortly  afl»r  this  experi- 
ment ? 

Mr.  Atherton.  I  cannot  say,  unless  the  trunks  he  put  in 
were  better  than  the  one  we  put  in.  They  were  made  exactly 
the  same ;  I  do  not  know  any  difference.  Mr.  Sawyer  may 
have  changed  his  mind  in  regard  to  them ;  but,  certainly, 
at  that  time,  the  result  showed  that  there  was  no  difference 
whatever.     We  changed  the  machine  back  again  to  what  it  was 
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before.     He  did  not  see  any  benefit  to  be  derived  from  the 
trunk  and  we  took  it  out  at  that  time. 

The  President.  If  there  is  no  further  discussion  desired 
on  this  subject  we  will  proceed  to  the  next  paper,  which  is  on 
the  subject  of  **  Leather  Belting,"  to  be  read  by  Mr.  Scott  A. 
Smith  of  Providence,  R.  I. 


LEATHER   BELTS. 

HOW  TO  DETERMINE  THE  REUTIVE  VALUE  OF 

DIFFERENT  MAKES. 


By  SCOTT  A.  SMITH,  Providence,  R.  I. 


At  recurring  intervals  since  1863,  when  I  first  commenced 
to  make  use  of  belts,  I  have  sought  for  information  to  exactly 
determine  the  comparative  value  of  different  makes. 

It  often  happens  that  much  is  known  round  and  about  a  sub- 
ject but  the  exact  reasons  why  are  not  understood.  This 
statement  is  well  illustrated  by  the  fact  that  American  tanners 
and  curriers  of  calf-skins  have  never  been  able  to  solve  the 
mystery  connected  with  the  great  superiority  of  those  tanned 
and  curried  by  the  French. 

In  July,  1887,  I  published,  in  **  Power  and  Steam,"  the  first 
printed  statement  of  the  exact  action  of  oils  and  greases  on 
belt  leather  in  the  currying  processes,  including  the  chemical 
changes  which  then  take  place.  From  that  article  I  make 
some  extracts  which  bear  directly  on  this  subject. 

The  fibres  of  skins  interlace  in  all  directions ;  each  fibre 
consists  of  a  number  of  filaments.  Dry  uncurried  leather  has 
little  strength  and  may  be  torn  as  easily  as  paper,  when  the 
respective  thickness  of  the  two  materials  is  considered.  Dry 
uncurried  leather  has  fibres  which  are  easily  disintegrated  into 
separate  filaments ;  each  fibre  is  also  loosely  held  to  place  in 
the  tanned  hide  which  has  distended  pores  and  spaces. 

A  tanned  hide  when  received  by  the  currier  should  be  thor- 
oughly washed,  shaved  and  scoured  by  him  to  remove  all 
uncombined  matter,  then  it  is  allowed  to  dry  to  a  suitable  state 
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of  moisture,   after  which,   with    proper  manipulation,   it  is 

greased  and  hung  up  to  dry.     As  the  moisture  goes  out  the 

grease  enters  into  the  leather  by  capillary  attraction.     The  same 

adrantageous  resulting  effect  cannot  be  had  except  in  the  above 

^^y;   to   put  grease   upon  dry   uncurried   leather  does   not 

answer,  in  any  measure,  the  same  purpose. 

'Tallow  and  cod  oil  are  accepted  as  the  greases  best  suited 

^r  currying  tanned  leather  intended  for  belts.     It  is,  almost 

^hollj^  the  oleine,  or  oil  of  tallow,  which  enters  the  leather. 

-»Vearly  all  of  the  solid  part,  or  stearine,  remains  on  the  surface 

and    ig  scraped  off.     Some  of  it  is  carried  into  the  leather,  but 

*itei-\^axxl8  works  out,  to  appear  on  the  surface  as  a  white  sub- 

®^t\oe.      The  stearine  has,  however,  served  this  very  useful 

*^^^*l>08e,  to  hold  the  grease  to  place  on  the  surface  of  the 

^^pended  hide,  to  cause  an  equal  distribution  of  the  oil. 

I^he  oleine  of  all  oils  will  oxidize,  or  gum,  and  cod  oil  is 

^"^ll  suited  to  work  with  the  oleine  of  tallow  to  that  end.     An 

^Xcess  of  the  oils  is  carefully  avoided.      These  oils  oxidize 

^vy  rapidly  from  being  distributed  over  an  almost  limitless 

^^unber  of  filaments  of  a  moist  hide. 

The  fibr»8  are  thua  coated  with  an  elastic  gummy  substance, 

^Vhlch  not  only  strengthens  each  filament  and  fibre,  but  binds 

^tem  together  by  its  adhesive  quality.     The  fibres  may  not  be 

Easily  broken  by  bending  as  the  initial  rupture  is  prevented  by 

l;he  elastic  surfieice  of  the  gummy  oil. 

Each  fibre  has  an  elastic  toughened  character,  and  under  a 
delicate  sense  of  touch,  when  drawn  between  the  fingers,  it 
gives  a  positive  evidence  of  being  coated  with  a  varnish-like 
substance.  A  powerful  microscope  shows  that  the  fibres  of 
curried  leather  have  a  rounder,  fuller  form  than  those  from 
unearned  leather. 

An  additional  reason  for  the  strength  of  curried  belt  leather 
is  that  the  elastic  quality  imparted  to  the  fibres  by  the  oil 
allows  a  strain  to  be  distributed  through  all  the  fibres. 

By  the  consolidating  forces  applied  in  the  currying  and  fin- 
iahing  processes  the  interlaced  fibres  are  locked  to  place  and 
held  to  those  in  contact  with  them  by  the  elastic  gunmiy  oil. 
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It  has  seemed  incumbent  on  me  to  add  to  the  above  by  indi- 
cating in  what  manner  the  relative  value  of  different  makes  of 
belts  can  be  determined,  aside  from  the  well-known  ways  of 
judging  by  examining  a  roll  of  belt  to  see  if  the  leather  is  of 
uniform  thickness,  if  there  is  an  absence  of  soft  places,  if  it  is 
supple  in  its  character,  if  the  joints  are  well  made  and  the  belt 
is  reasonably  straight. 

For  the  making  of  the  best  belt  leather  the  hides  of  the  half- 
wild  Texas  steers  are  used,  as  possessing  the  best  qualifications. 
From  the  moment  of  their  being  taken  from  the  animals,  and 
until  they  reach  the  tanners'  hands,  they  receive  a  systematic 
and  correct  treatment  to  keep  them  in  the  most  suitable  condi- 
tion. 

It  is  a  fact  established,  —  established  by  long  experience,  — 
that  oak-tanned  leather  is  the  best  for  belts ;  that  is  to  say,  it  is 
superior  to  hemlock  tannage,  or  any  other  method.  The  tan- 
nin principle  in  oak  bark  gives  to  leather  the  strongest  and 
most  enduring  fibre. 

As  before  stated,  dry  uncurried  leather  has  little  strength, 
hence  the  better  the  currying  the  greater  the  strengtn  and 
enduring  quality  of  the  leather.  For  superior  currying  the 
best  quality  of  white  selected  tallow  with  the  best  cod  oil  are 
necessary.  It  can  be  readily  understood  that  both  the  oil  and 
grease  are  thoroughly  combined  with  the  fibre  and  cannot  be 
forced  out  of  the  belt  by  contact  with  a  solid  body,  such 
as  a  pulley  face,  or  be  absorbed  by  dust,  nor  readily  change 
by  atmospheric  influence ;  the  oils  have,  as  before  explained 
by  me,  become  a  component  part  of  the  leather ;  thus  it  will 
be  seen  that  a  properly  curried  belt  cannot  have  any  free 
oil. 

A  custom  has  prevailed,  to  a  limited  extent,  of  running  a 
finished  belt  through  hot  tallow  to  give  it  extra  pliability  and 
immediate  tractive  power  on  a  pulley  face.  This  process  gives 
a  very  false  value.  In  this  hot  application  the  stearine  of  the 
tallow  is  carried  into  the  belt,  where,  as  before  stated,  it  has 
no  legitimate  place  ;  it  is  an  active  acid  quality  in  tallow.  All 
such  oils  and  greases  put  upon  dry  leather  gradually  undergo 
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a  change  from  atmospheric  influence,  by  which  they  develop  a 
free  acid  injurious  to  the  fibre. 

The  best  belting  has  a  fine  finish,  particularly  on  the  grain 
side.  There  is  real  utility  in  the  labor  necessary  to  produce 
it.  Much  hand  labor  must  be  expended  upon  leather  to  con- 
solidate all  the  fibres  and  the  gummy  oil  into  a  homogeneous 
mass. 

The  best  belting  has  an  unmistakable  light  buff  color,  which 
indicates  that  it  is  not  only  all  oak-tanned,  but  that  the  leather 
has  been  thoroughly  washed  by  the  currier  to  remove  all  mat- 
ter except  the  fibre.  The  light  buff  color  also  indicates  that 
only  the  best  quality  of  greases  have  been  used ;  if  the  latter 
are  of  inferior  quality  they  darken  and  impair  the  leather. 

The  best  belting  has  a  firm,  solid  character,  while  at  the  same 
time  it  is  pliable.  As  it  is  the  nature  of  leather  to  possess  a 
degree  of  elasticity,  it  is  reasonable  that  a  belt  should  stretch 
to  some  degree  under  strain,  and  while  a  well-made  belt  must 
be  reasonably  rigid  against  stretching  in  use,  yet  to  take  all  the 
stretch  out  of  a  belt  in  its  manufacture  would  imply  to  strain  it 
beyond  the  just  limit  due  to  its  nature. 

Hemlock-tanned,  also  what  is  known  as  chemically-tanned, 
leather,  are  each  treated  with  sumach  or  with  oak-bark  extract, 
to  give  the'  leather  a  surface  color  resembling  oak-tanned 
leather.  But  once  you  become  familiar  with  the  ti-ue  buff 
color  of  oak-tanned  leather  you  need  not  be  deceived. 

The  cracking  of  the  grain  side  of  belt  leather,  when  bent  at 
a  sharp  angle,  is  due  to  the  fact  that  the  grain  is  thicker  on 
some  leather  than  on  other,  —  it  grew  that  way  on  the  animal ; 
also  the  thicker  the  leather  is  the  more  liable  it  is  to  crack  in 
the  grain,  but  if  the  grain  (hair)  side  of  single  belts  is  run  to 
the  pulley  face  then  there  is  no  cracking  of  the  grain  unless 
under  undue  strain. 

The  final  tests  for  the  best  belting  are  as  follows :  Take  a 
piece,  say  two  inches  wide  by  eight  inches  long,  and  cut  it 
down  four  inches  into  two  strips,  each  one  inch  wide,  and  sub- 
mit the  leather  to  a  tearing  strain.  If  of  the  best  grade,  with 
respect  to  quality  of  hide,  quality  of  tanning  and  quality  of 
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currying,  then  it  will  have  great  power  of  resistance ;  if  torn 
then  most  of  the  fibres  will  not  pull  out  but  will  break,  because 
they  are  thoroughly  united  to  each  other  by  the  gummy  oil. 
K  in  the  tearing  strain  the  fibres  pull  out  to  a  great  extent, 
that  is  an  indication  of  imperfect  or  incomplete  currying, 
although  the  original  quality  of  the  tanned  hide  might  have 
been  good.  A  poor  piece  of  leather  tears  easily,  and  a  majority 
of  the  fibres  break  short  off. 

A  final  and  conclusive  evidence  is  to  test  the  fibres  them- 
selves by  seizing  them  with  the  fingers  at  the  place  of  rupture, 
and  subjecting  them  to  a  breaking  strain.  In  a  poor  piece 
of  leather  the  fibres  have  little  strength,  which  is  easily  per- 
ceptible. 

The  difference  between  different  methods  of  currying  belt 
leather  may  be  best  appreciated  when  knowing  that  in  some 
cases  only  about  eight  days  are  consumed  in  the  processes, 
while  in  the  hands  of  the  best  curriers  about  four  weeks  are 
needed. 

In  conclusion,  it  seems  proper  to  state  that  the  cost  of  hides 
of  the  best  quality  may  be  all  of  twenty-five  per  cent,  more 
than  those  of  the  lower  grades.  Add  to  this  the  diminished 
cost  of  cheap  tanning  processes,  cost  of  cheap  greases,  cheap 
and  diminished  labor  in  the  currying,  and  you  can  easily  see 
why  one  firm  may  undersell  another  and  still  make  a  large  per- 
centage of  profit  at  the  lower  price. 

The  President.  Gentlemen  have  heard  the  paper.  Are 
there  any  remarks  to  be  made  upon  it  ? 

Mr.  Hervey  Kent.  Mr.  President  and  Gentlemen  :  You 
will  notice  that  on  the  fifth  page  of  the  paper  that  has  been 
read  there  is  rather  a  bold  statement,  unless  the  gentleman  has 
some  facts  by  which  he  can  substantiate  it.  At  least,  it  is 
entirely  opposed  to  any  experience  that  I  have  had.  You  will 
notice  that  he  says  here:  <'It  is  a  fact  established,  —  estab- 
lished by  long  experience,  —  that  oak-tanned  leather  is  the  best 
for  belts ;  that  is  to  say,  it  is  superior  to  hemlock  tannage,  or 
any  other  method.      The  tannin  principle  in  oak  bark  gives 
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to  leather  the  strongest  and  most  enduring  fibre."     It  may  be 
that  I  have  never  had  any  pure  oak-tanned  leather  belting ;  but 
what  little  experience  I  have  had  has  been  entirely  opposite  to 
that  statement ;  that  what  passes  for  oak-tanned  leather  has  not 
the  capacity  to  stand  the  lacing  nearly  as  well  as  hemlock-tanned. 
I  have  no  doubt  that  you  might  find  an  oak-tanned  belt  that 
would  be  a  great  deal  better  than  some  hemlock-tanned  belting, 
but  all  the  experience  that  I  have  had  goes  to  show  that  hem- 
lock-tanned leather  is  the  toughest  and  will  not  tear  out  where 
it  is  laced  as  soon  as  oak-tanned ;   I  have  some  belts  that  have 
been  running  fourteen  years,  driving  warp  spinning,  made  out 
of  hemlock-tanned  leather.     Some  of  them  have   been  taken 
up  but  twice.     None  of  them  have  torn  out  where  they  were 
laced,  and  they  give  us   no   trouble.     A  mere  statement,  of 
course,  amounts  to  nothing,   but  if  any  gentleman  who  has  a 
hard  place  for  a  belt  will  take  what  is  commonly  known  as  oak- 
tanned  leather  for  one-half  of  his  belt,  and  take  for  the  other 
half  hemlock-tanned  leather,  and  put  it  on  and  run  it,  I  think 
he  will  be  satisfied  that  the  hemlock-tanned  is  the  toughest.     I 
have  known  it  to  be  tried  on  lug-straps  for  a  loom.     Oak- 
tanned  leather  looks  very  nice.     I  know  one  man  who  put  oak- 
tanned  leather  on  one  side  of  his  looms,  near  the  spare  floor, 
because  it  looked  so  well,  and  hemlock-tanned  on  the  other 
side;    but  the  oak-tanned  very  soon  gave  out;  it  seemed  to 
crack  and  break.     By  the  way,  I  have  no  interest  in  hemlock- 
tanned  belting,  as  far  as  that  is  concerned.     There  is  a  party  in 
Boston  who  has  six  ten-inch  belts  running.     He  went  to  one 
belt  maker  and  ordered  three  ten-inch  belts  of  hemlock-tanned 
leather,  saying  nothing  to  him  about  wanting  any  more.     Then 
he  went  to  another  man  and  told  him  he  wanted  three  ten-inch 
oak-tanned  belts,  and  told  him  that  he  had  ordered  three  of  the 
other  man,  so  that  he  gave  him  a  little  advantage.     Those  six 
belts  were  put  on  the  machines,  and  within  six  months  the 
lacing  gave  out  in  the  oak-tanned,  and  the  other  ran  years  with- 
out tearing  out. 

I  had  a  little  curiosity  in  this  matter,  and  went  into  a  belt 
shop  this  morning  and  saw  some  tests,  while  there,  with  two 
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pieces  of  leather,  one  oak-tanned  and  the  other  hemlock-tanned. 
They  were  put  together,  laced,  put  into  a  stretching  machine, 
and  in  every  instance  the  oak-tanned  gave  out.  Now  I  do 
not  know  but'the  gentleman  has  some  facts  to  sustain  his  state- 
ment.    If  he  has,  I  would  like  to  hear  them. 

The  PREsroENT.  We  would  be  glad  to  hear  from  Mr.  Smith 
or  any  other  gentleman  who  has  anything  to  say  on  either  side 
of  this  question. 

Mr.  Kent.     What  w€  want  is  the  facts. 

The  President.  I  do  not  know  why  this  question  of  oak- 
tanned  and  hemlock-tanned  leather  should  be  left  undecided. 
There  are  a  good  many  gentlemen  here  who  are  using  belts 
who  must  have  some  views  which  they  can  express.  I  do  not 
know  why  the  question  may  not  be  as  well  decided  now  as  at 
any  time,  if  anybody  can  give  us  the  necessary  points. 

Mr.  Kent.  There  is  other  testimony  bearing  upon  this  sub- 
ject, that  I  omitted  to  refer  to.  I  asked  a  tanner  of  large 
experience  to  explain  what  he  thought  the  practical  difference 
would  be  if  he  should  divide  a  skin  in  the  middle,  tan  one  half 
with  oak  bark,  the  other  with  hemlock.  He  said  the  oak  would 
come  out  the  thickest,  while  the  hemlock  would  weigh  the  most 
per  square  foot.  The  oak  seemed  to  puff  up  the  grain,  while 
the  hemlock  seemed  to  contract  it.  The  tendency  of  the 
former  was  to  make  the  fibre  brittle,  while  the  hemlock  made 
it  tougher ;  which  explains  why,  when  the  two  kinds  are  laced 
together  and  the  tests  made,  the  oak  gives  out.  He  said  if  he 
was  belting  a  mill  for  himself,  he  would  give  50  per  cent,  more 
for  the  hemlock-tanned  leather.  He  had  formerly  supposed 
that  he  must  have  oak-tanned  belting,  as  that  was  the  best. 
He  tried  it  for  twenty-five  years,  and  for  the  last  few  years 
he  had  discarded  it  entirely  and  adopted  hemlock-tanned 
belting. 

A  Member.  I  would  like  to  inquire  of  the  gentleman  if  he 
would  use  any  wider  hemlock-tanned  belting  than  if  he  was 
using  oak-tanned  belting. 

Mr.  Kent.  No,  sir;  by  no  manner  of  means.  I  would  like 
the  testimony  of  this  Association  on  this  matter.     What  a  man 
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amouuts  to  nothing  unless   he   has  something  to   back 
it  up. 

Mr.  Scott  A.  Smith.     My  attention  was  turned  to  this  mat- 
ter many  years  ago,  by  a  relative  who  was  a  tanner  and  whose 
special  business  it  was  to  make  leather  for  belts.     He  told  me 
that  after  it  became  dijfficult  to  get  oak  bark  as  readily  as  hem- 
lock barky  that  he  then  commenced  to  use  oak  and  hemlock, 
called  union  tanning.     He  added  that  he  was  sure  it  was  a^ 
good  or  even  better  than  pure  oak-tanned  leather.     When  I 
went  into  business  in  Philadelphia  in  1863,  I  sent  to  Provi- 
dence for  belts  made  in  that  way,  and  continued  to  do  so  for 
several  years ;  but  I  could  not  get  the  endurance  out  of  them, 
under  severe  labor,  that  I  could  out  of  all  oak-tanned  belts. 
With  reference  to  all  hemlock-tanned  leather  being  laced  to 
oak-tanned  leather,  and  the  oak-tanned  tearing  out  first,  that 
would  not  be  a  conclusive  proof  to  my  mind.     I  have  seen 
leather  which  would  stand  a  very  great  tensile  strain,  much 
greater  than  another  leather ;  but  when  put  to  work,  that  which 
would  stand  the  greatest  tensile  strain  would  not  last  nearly  as 
long  as  the  other.* 

The  President.  If  there  is  no  further  discussion  we  will 
proceed  to  the  next  paper,  which  will  be  read  by  Mr.  George 
H,  Barrus  of  Boston,  on  **  Steam  Boiler  Tests.  " 

*  Oil  added  to  belt  leather,  after  the  regular  and  proper  currying  process,  will  give 
"for  the  moment,"  increased  tensile  strength;  also  a  half-curried  belr,  having  a  certain 
amoant  of  free  oil,  might  show  great  strength  against  tearing  out  in  the  lace  holes  under 
oDceuive  strain ;  but  neither  of  these  cases  prove  that  such  a  result  so  obtained  is  the 
thing  to  be  desired.  S. 


A  PAPEE  ON  BOILER  TESTS, 

ILLUSTRATED  BY  THE  RESULTS  OP  140  EVAPORATIVE   TESTS   CONDUCTED 

BY  THE  AUTHOR. 


By  GEO.  H.  BARRUS,  S.  B.,  Boston,  Mass. 


In  the  pursuit  of  his  business  as  a  steam  engineer,  the  writer 
has  had  frequent  occasion  during  the  past  ten  years  to  make 
evaporative  tests  of  steam  boilers.  The  interests  which  have 
led  to  the  work  are  of  a  varied  character.  Inventors  or  build- 
ers of  new  types  of  boilers  have  been  desirous  of  learning  what 
economical  features  their  improvements  possess,  and  they  have 
called  for  the  results  of  an  evaporative  test  as  a  means  of  com- 
parison with  the  performance  of  existing  boilers ;  or,  knowing 
themselves  the  economy  of  the  improved  generator,  they  wished, 
for  purposes  of  trade,  to  corroborate  their  own  testimony  of  its 
superiority,  by  the  certificate  of  a  disinterested  engineer.  Man- 
agers of  factories  have  sought  advice  upon  the  cause  of  exces- 
sive consumption  of  coal  in  their  steam  plants.  To  solve  this 
problem  it  is  necessary  to  ascertain  the  evaporative  efficiency 
of  the  boilers,  so  as  to  separate  the  process  of  generating  the 
steam  from  that  of  its  use  after  generation.  They  have  also 
desired  information  upon  the  general  economy  of  their  boilers, 
and  upon  the  kind  of  fuel  which  it  would  be  most  advantageoos 
to  bum,  when  all  the  questions  of  current  price,  evaporative 
efficiency  and  incidental  advantages  and  objections  are  taken 
into  account  —  questions  which  can  be  determined  satis&ctorily 
only  by  means  of  an  evaporative  test.  They  have  had  occa- 
sion, too,  before  completing  a  settlement  with  the  contractor 
for  a  new  plant  of  boilers,  to  call  for  a  test,  to  ascertain  whether 
in  capacity  or  economy,  or  both,  the  boilers  do  their  work  in  the 
manner  stipulated  in  the  contract.  They  have  also  sought  in- 
formation, which  only  an  evaporative  test  affords,  to  guide 
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them  in  the  selection  or  arrangement  of  a  contemplated  new 
boiler  plant,  or  in  the  renewal  of  an  old  plant.  Capitalists 
have  called  for  evaporative  tests  upon  improved  forms  of  boilers, 
in  which  they  have  in  view  the  investment  of  money,  that  they 
may  learn  from  outside  investigation  whether  the  inventor's 
claims  are  well  founded,  or  whether  the  improvement  is  of  suf- 
ficient merit  to  warrant  the  investment.  Finally,  a  large  class 
of  persons,  bent  on  seekipg  information,  have  had  boilers  tested, 
so  as  to  find  out  whether,  in  one  way  or  another,  the  evapora- 
tive efficiency  could  be  improved. 

In  every  case,  whether  the  test  has  been  made  at  the  solicita- 
tion of  the  inventor,  the  mill  manager,  the  capitalist  or  the  in- 
vestigator, there  has  always  been  one  controlling  object  in  view 
on  the  part  of  the  writer,  and  that  is,  the  determination  of  the 
true  performance  of  the  boiler ;  and  the  work  has  been  under- 
taken in  almost  every  instance  with  the  unbiased  feeling  of  a 
student,  interested  only  in  getting  at  the  facts. 

In  this  work  the  number  of  individual  tests  which  have  been 
made  has  reached  a  sum  between  three  hundred  and  fifty  and 
four  hundred.  Many  of  them  have  been  made  in  the  New 
England  States.  The  boilers  have  been  situated  in  cotton  mills, 
woollen  mills  and  other  textile  factories,  paper  mills,  machine 
shops,  lumber  mills,  rubber  works  and  public  buildings.  They 
have  embraced  plain  cylinder  boilers,  horizontal  return  tubular 
boilers,  locomotive  boilers,  vertical  tubular  boilers,  water-tube 
boilers,  sectional  boilers  and  patented  boilers  of  various  kinds. 
They  have  been  set  in  brick-work,  set  without  brick- work,  set 
according  to  patented  methods  and  set  in  the  ordinary  way. 
They  have  been  fired  with  anthracite  coal  of  various  kinds  and 
sizes,  bituminous  coal  of  various  kinds,  anthracite  screenings, 
mixtures  of  anthracite  screenings  and  bituminous  coal,  petro- 
leum oil  and  coke. 

The  paper  is  devoted  to  an  analysis  of  many  of  these  tests. 
Of  the  number  referred  to,  those  which  are  omitted  are  either 
of  a  private  nature  or  are  devoid  of  general  interest.  They 
were  all  conducted  personally  by  the  writer,  with  the  exception 
of  one  set  of  tests,  which  was  made  by  an  assistant  who  worked 
under  the  writer's  direction.  • 
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The  tests  are  so  varied  in  object,  in  conditions,  and  in  type  of 
boiler,  that  it  has  proved  advisable  to  take  up  each  boiler  and 
the  tests  made  upon  it,  separately,  and  give,  as  briefly  as  a 
clear  presentation  of  the  subject  warrants,  the  general  features 
and  dimensions  of  the  boiler,  the  data  and  results  of  the  tests, 
and  memoranda  of  the  main  points  of  information  which  the 
tests  reveal.  Much  of  the  material  in  the  accompanying  pages 
consists,  therefore,  of  tables  of  boiler  dimensions  and  boiler 
tests.  Given  in  this  form,  the  reader  will  find  means  for  study- 
ing the  subject,  if  desired,  from  his  own  standpoint.  The 
special  object  of  the  paper  is  an  examination  of  the  tests  as  a 
whole,  and  a  classification  of  the  data  and  results,  so  as  to  put 
in  connected  shape  the  information  which  they  give  as  to  the 
conditions  which  govern  the  economical  generation  of  steam 
and  the  best  practice  in  boiler  engineering. 

Before  entering  upon  the  proposed  examination,  the  general 
subject  of  boiler  tests  and  the  methods  which  were  employed 
in  conducting  the  tests  under  consideration  demand  attention. 

The  object  of  all  boiler  tests,  first  sought,  is  the  determiiia- 
tion  of  the  weight  of  water  evaporated  by  a  pound  of  coal. 
The  object  ultimately  sought  varies  in  different  cases.  Some 
tests  have  in  view  the  determination  of  the  efficiency  of  the 
boiler  as  a  generator  of  steam,  when  operated  under  such  con- 
ditions of  quality  of  fuel,  kind  of  firing,  capacity  and  general 
management  as  will  give  the  best  result.  These  determine  the 
true  efficiency  of  the  generator.  Others  have  in  view  the  gen- 
eral result  produced  by  the  boiler,  however  much  it  is  afifected 
by  disturbing  causes,  and  they  determine  the  economy  with 
which  the  fuel  is  burned,  whether  the  type  of  boiler,  kind  of 
fuel,  capacity,  mode  of  firing  and  management  are  favorable  or 
unfavorable. 

Owing  to  the  two  general  objects  named,  boiler  tests  might 
be  divided  to  advantage  into  two  classes.  The  first  might  be 
termed  the  engineering  test,  being  of  greatest  interest  to  the 
engineer,  who  must  know  the  true  efficiency  of  the  boiler  to 
intelligently  lay  out  his  plans.  The  second  might  be  termed 
the  commercial  test,  being  of  most  interest  to  the  manufacturer 
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or  steam  user,  who  must  know  how  the  coal  is  used  which  he 
has  to  purchase. 

In  conducting  the  engineering  test,  the  boiler  should  be 
worked  with  a  standard  quality  of  fuel.  It  should  be  clean  on 
both  the  interior  and  the  exterior  surfaces.  It  should  be  fired 
by  a  skillftil  fireman,  who  should  use  every  exertion  to  obtain 
the  highest  efficiency  from  the  fuel.  It  should  be  worked  at 
sndi  a  capacity  as  will  secure  the  most  favorable  result.  The 
boiler  should  be  worked  long  enough  in  preparation  for  the  en- 
gineering test  to  heat  itself  and  the  material  in  which  it  is 
encased  to  its  normal  working  degree.  The  fire  should  then 
be  burned  down  to  a  low  point  and  thoroughly  cleaned,  a  thick- 
ness of  2  or  3  inches  of  clean  burning  fiiel  being  retained  for  a 
foundation  upon  which  the  fire  of  the  test  is  to  be  started. 
With  this  thin  fire,  the  thickness  of  which  is  estimated  as  a 
basis  for  commencement,  the  test  is  begun.  The  boiler  is  then 
operated  in  the  manner  determined  upon,  for  at  least  24  hours, 
and  the  quantity  of  coal  burned  and  water  evaporated  is  meas- 
ured. At  the  close  of  the  test  the  fire  is  again  burned  down 
and  cleaned,  and  this  is  done  in  such  a  manner  that  the  condi- 
tion and  thickness  of  the  bed  of  coal  on  the  grate,  as  nearly  as 
can  be  estimated,  is  the  same  as  it  was  at  the  commencement 
of  the  test. 

For  the  commercial  test  the  boiler  should  be  operated  ip  the 
manner  customarily  followed,  and  the  measurement  of  coal  and 
water  taken  a  suflScient  number  of  days  to  give  an  average  in- 
dication of  the  performance.  In  factory  work  a  test  of  one 
week's  duration  is  of  suitable  length.  No  change  should  be 
made  in  the  daily  hours  of  running,  the  mode  of  firing,  the 
manner  of  treating  the  fires  at  night,  nor  in  the  general  opera- 
tion of  the  plant,  the  object  being  to  include  all  these  questions 
in  the  determination  of  the  main  point  at  issue. 

K  all  tests  could  be  made  in  accordance  with  these  plans, 
nothing  would  be  left  to  be  desired.  The  relative  efliciency  of 
different  generators  would  be  known  at  once.  The  manufac- 
turer would  have  no  complaint  to  make  because  the  results  of 
tile  test  do  not  correspond  to  those  obtained  under  working 


38 

conditions.  Unfortunately,  no  such  uniformity  of  method  can 
be  established,  on  account  of  the  practicable  objections  and  ex- 
pense involved  in  carrying  on  tests  of  this  kind.  The  24-hour 
continuous  engineering  test  is  usually  out  of  the  question  in  a 
mill  which  uses  steam  only  10  or  12  hours  a  day.  The  six 
days'  commercial  test  is  not  to  be  thought  of  by  the  manager 
of  a  mill,  who  counts  the  expense  for  expert's  services. 

The  ordinary  calls  for  evaporative  tests  are  for  those  which 
can  be  made  in  one  or  two  working  days,  under  conditions  as 
near  as  possible  to  the  existing  ones  in  the  locality  where  the 
boiler  is  placed.  These  must  answer,  in  ordinary  practice,  for 
the  purposes  of  both  the  engineering  and  the  commercial  tests 
in  the  scheme  outlined  above. 

Nearly  all  of  the  tests  referred  to  in  this  paper  are  of  the 
last-named  class.  They  were  made,  as  a  rule,  in  foctories 
working  10  or  12  hours  per  day,  where  the  fires  are  banked  at 
night,  and  where  an  interval  of  about  an  hour  occurs  at  noon 
time,  when  the  production  of  steam  nearly  ceases.  The  boilers 
were  generally  cleaned,  as  far  as  the  outside  fire  surfaces  were 
concerned,  by  the  use  of  the  tube  scraper  or  steam  jet  cleaner, 
preparatory  to  each  test.  The  inside  surfaces  were  not  cleaned 
and  generally  were  not  examined.  The  mode  of  firing  was  not 
always  the  best,  but  it  was  always  good  ;  that  is  to  say,  the  fires 
were,  as  a  rule,  free  from  **  holes"  or  spots  where  the  live  coal 
had  died  out,  with  the  exception  of  cases  where  fine  grades  of 
anthracite  coal,  such  as  chestnut  No.  2  and  pea,  were  used,  in 
which  there  is  frequently  a  tendency  to  this  state  of  things,  and 
the  fires  were  kept  at  a  thickness  of  not  less  than  five  or  six 
inches.  When  bituminous  coal  was  burned,  it  was  usually 
fired  on  the  **  spreading"  system,  and  the  bed  of  coal  was 
broken  up  and  kept  level  when  required,  by  the  use  of  the 
slicing  and  stoking  bar. 

The  method  of  conducting  most  of  the  tests  given  in  the 
paper  is  as  follows  :  Preparatory  to  the  beginning  of  the  test, 
on  the  night  before  its  commencement,  the  fires  are  burned  out 
at  the  close  of  the  day's  work.  The  furnace  and  ash-pit  doors 
and  the  dampers  are  closed  during  the  night,  and,  in  case  only 
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one  or  two  boilers  of  a  plant  are  tested,  the  stop  valyes  are 
also  closed,  shutting  the  steam  into  the  boiler.  At  some  con- 
venient time  during  the  night  the  furnace  and  ash-pits  are 
cleaned.  At  five  o'clock  in  the  morning,  or  at  a  sujfficiently 
early  hour  to  get  up  steam  for  the  day's  work,  the  new  fire  of 
the  test  is  started  with  enough  pine  wood  to  cover  the  grates, 
and  coal  is  fired  at  once,  and  the  boiler  brought  to  normal 
action.  Oftentimes  the  fire  is  in  working  condition  before  the 
steam  can  be  disposed  of,  tind  a  pause  ensues  until  the  usual 
work  of  the  mill  begins,  during  which  time  the  fire  is  covered 
with  new  coal,  and  the  draught  choked  by  shutting  the  damper 
and  opening  the  fire  doors.  During  the  noon  hour,  when  the 
works  are  stopped,  the  fire  is  cleaned  (if  needed)  and  covered 
with  new  coal,  and  the  draught  checked  in  like  manner.  As 
the  hour  for  stopping  draws  near,  the  fires  are  carefully  burned 
down,  80  that  at  the  close  of  the  day's  work  they  are  nearly  out. 
As  soon  as  they  are  finally  extinguished,  the  contents  of  fur- 
naces and  ash-pits  are  removed  and  the  doors  and  dampers 
closed  for  the  night,  and  in  the  cases  noted  the  stop  valves  are 
shut.  When  the  coal  is  moist,  a  sample  is  selected  and  dried 
for  24  hours,  and  the  quantity  of  moisture  is  determined  by  a 
comparison  of  the  wet  and  dry  weights.  A  sample  is  taken  of 
the  ashes  and  unbumed  fuel  removed  from  the  furnaces  and 
ash-pits  at  the  close  of  the  test,  and  sifted  through  a  screen 
having  |-inch  meshes.  The  proportion  of  unconsumed  coal 
which  fiuls  to  pass  through  the  screen  is  determined  and  applied 
to  the  total  quantity,  and  the  whole  weight  of  unconsumed  coal 
thus  found  is  deducted  from  the  weight  of  coal  fired,  to  deter- 
mine the  net  quantity  consumed.  The  value  of  the  wood  used 
for  starting  the  fires  is  taken  to  be  equivalent  in  coal  to  ^  of 
its  weight. 

At  the  time  of  starting  the  new  wood  fire  of  the  test,  the 
position  of  the  water  line  as  shown  in  the  gauge  glass  of  the 
boiler  is  carefully  noted,  and  the  pressure  indicated  by  the 
steam  gauge  as  well.  At  the  close  of  the  test,  it  is  intended 
that  a  sufficient  amount  of  water  shall  be  supplied,  so  that  when 
the  time  arrives  on  the  next  morning,  corresponding  to  the  time 
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when  the  test  was  started ,  the  position  of  the  water  line  and  the 
indication  of  the  steam  gauge  shall  be  the  same  as  at  the  begin- 
ning. The  last  observation  of  the  test  is  thus  made  24  hours 
after  the  time  of  the  first  observation ,  when  the  condition  of  the 
boiler  is  presumably  the  same.  If  the  water  line  occupies  a 
different  position,  a  suitable  correction  is  applied  to  the  weight 
of  water  measured,  which  is  determined  by  computing  the  quan- 
tity from  the  volume  which  it  occupies,  calculated  from  the 
known  dimensions  of  the  boiler.  *  If  there  is  a  difference 
of  pressure,  no  account  is  taken  of  it,  unless  the  difference 
is  large  ;  in  which  case,  the  quantity  of  evaporation  is  computed 
which  would  take  place  if  the  stop  valve  were  opened  and  a 
sujfficient  amount  of  steam  let  off  to  reduce  the  pressure  from  the 
higher  to  the  lower  point.  In  conducting  a  test  according  to 
this  method,  the  small  quantity  of  evaporation  which  takes  place 
during  the  night,  produced  by  heat  stored  in  the  boiler  at  the 
end  of  the  day's  run,  is  included  in  the  total  evaporation  of  the 
test. 

During  the  progress  of  the  test  the  feed-water  is  weighed 
previous  to  its  supply  either  to  the  pump  or  injector  which 
feeds  it.  The  weighing  apparatus  consists  of  two  tanks,  one  of 
which  rests  on  a  platform  scale,  which  is  supported  by  staging 
raised  above  the  level  of  the  other.  The  water  is  first  drawn 
into  the  upper  tank.  Here  it  is  weighed  and  then  emptied  into 
the  lower  tank.  Thence  it  passes  into  the  suction  pipe  of  the 
pump  or  injector,  which  is  temporarily  changed  from  its  usual 
connection  for  the  purpose. 

All  pipes  connected  with  the  feeding  apparatus,  except  those 
concerned  in  the  work  of  the  test,  are  disconnected ;  and  if  this 
cannot  be  done,  the  tightness  of  valves  which  must  be  depended 
upon  is  first  assured.     If  the  blow-off  valve  leaks  it  is  plugged. 

In  causes  where  an  injector  is  used,  and  where  there  is  no 
heater  connected  with  the  boiler,  the  temperature  of  the  water 
is  taken  at  its  entrance  to  the  lower  tank.  If  a  heater  is  used, 
the  temperature  is  taken  at  its  entnince  to  the  boiler,  a  ther- 
mometer being  set  in  the  feed  pipe  for  this  purpose.  If  both 
injector  and  heater  are  used,  the  t'Cmperature  is  taken  at  the  tank 
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and  at  the  entrance  to  the  heater,  in  addition  to  that  of  the  water 
entering  the  boiler.  To  avoid  breakage,  the  thermometer  is 
placed  in  a  cup  filled  with  oil,  which  is  set  in  the  pipe. 

The  temperature  of  the  escaping  gases  is  determined  in  a  few 
casea  by  means  of  a  pyrometer,  the  stem  of  which  is  wholly 
exposed  to  the  gases  in  the  centre  of  the  flue.  In  general,  the 
temperature  is  obtained  by  means  of  a  high  grade  thermometer 
set  in  an  oil  pot  filled  with  cylinder  oil,  which  is  lowered  into 
the  centre  of  the  flue.  The  pot  is  withdrawn  when  the  ther- 
mometer is  read.  When  a  pyrometer  is  used,  it  ia  verified  by 
comparisons  with  a  thermometer. 

The  draught  suction  is  determined  by  means  of  a  U-tube 
gauge,  connected  to  the  flue  l>etween  the  dumper  and  the  Iwiler 
[see  cut].     This  tul)e,  which  is  made  of 
glass,  is  provided  with  enlarged  chambers 
at  the  top,  arranged  so  as  to  give  a  magni- 
I  I  fied  indication  of  the  vacuum  produced  by 

I     ■         '■        the  draught.    The  instrument  is  filled  witii 
I      ■  I         two  liquids  of  diflerent  color,  one  liquid 

'  •  ^  ^'  ■  ■»^™  occupying  the  whole  of  one  side  of  the  in- 
strument, and  that  part  of  the  other  side 
to  near  the  top  of  the  U-tube ;  and  the 
other  liquid  occupying  the  remaining  space 
in  the  U-tube  and  the  opposite  chamber. 
When  connection  is  made  to  the  flue  (the 
proper  side  being  connected),  the  line  of 
division  between  the  two  liquids,  which, 
owing  to  the  difllerences  of  color  and  char- 
acter, is  clearly  defined,  moves  downward 
in  the  tube  and  shows  by  the  distance 
traversed  the  magnified  amount  of  vacuum 
which  is  acting.  The  amount  by  which 
the  true  indication  is  multiplied  depends 
upon  the  relation  which  exists  between  the 
diameter  of  the  two  chambers  nnd  that  of  the  two  legs  of  the 
tube.  An  instrument  which  multiplies  eight  times,  which  is'a 
sufScient  iaorease,  gives  a  movement  of  4  inches  for  an  actual 
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draught  of  half  an  inch ;  that  is,  for  a  draught  corresponding  to 
the  pressure  of  a  column  of  water  half  an  inch  high. 

The  quality  of  the  steam,  in  the  case  of  boilers  giving  super- 
heated steam,  is  determined  by  taking  its  temperature.  A 
thermometer  is  inserted  for  this  purpose  in  an  oil  cup,  which  is 
screwed  into  the  main  discharge  pipe.  The  quantity  of  super- 
heat is  the  number  of  degrees  which  the  indicated  temperature 
is  in  excess  of  the  normal  temperature.  The  normal  tempera- 
ture is  that  indicated  by  the  thermometer  when  the  boiler  is 
under  steam  of  the  average  pressure,  at  a  time  when  the  pro- 
duction has  ceased,  that  is,  when  the  steam  is  in  a  saturated 
condition. 

In  the  case  of  boilers  which  do  not  superheat  the  steam,  the 
quality  is  determined  by  the  use  of  a  calorimeter.  The  form 
of  calorimeter  employed  is  sometimes  the  barrel  calorimeter, 
but  preferably  the  continuous  superheating  calorimeter,  devised 
by  the  writer  some  two  years  ago.  The  barrel  calorimeter 
consists  of  a  common  oil  barrel,  fitted  with  an  outlet  valve,  to- 
gether with  delicate  scales  and  a  finely  graduated  thermometer. 
A  series  of  tests  is  made,  one  following  after  the  other  as  rap- 
idly as  possible.  The  barrel  is  first  filled  with  water  to  the  de- 
sired point  and  the  water  heated  in  preparation  for  the  tests. 
This  water  is  let  out  and  thrown  away.  The  barrel  is  then 
filled  again  and  the  average  temperature  of  the  incoming  water 
is  taken,  read  to  tenths  of  a  degree,  and  the  weight  of  water 
drawn  in  is  carefully  determined.  After  blowing  out  the  con- 
densed water  from  the  pipe  which  is  provided  for  supplying 
the  calorimeter,  the  movable  piece  of  pipe  which  conducts  the 
steam  into  the  water  is  attached,  and  the  valve  is  opened  for 
the  formal  conduct  of  the  test.  The  water  is  heated  to  about 
110  degrees.  Then  the  valve  is  shut,  the  movable  pipe  un- 
screwed, the  water  stirred  and  the  temperature  carefully  ob- 
served. The  weight  is  taken,  and  the  quantity  of  steam 
condensed  is  found  by  subtracting  the  previous  weight.  Each 
test  of  the  series  is  conducted  in  the  same  manner,  except  that 
the  preliminary  heating  is  required  for  none  but  the  first  test, 
and  the  results  are  averaged.     To  compute  the  percentage  of 
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moisture,  the  weight  of  cold  water  drawn  in  is  multiplied  by 
the  number  of  degrees  difference  between  the  two  temperatures 
observed,  and  the  product  is  divided  by  the  weight  of  con- 
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densed  steam.  To  the  quotient  is  added  the  temperature  of  the 
heated  water,  and  the  aum  thus  found  is  subtracted  from  the 
total  heat  of  saturated  st«am  of  the  observed  pressure  (reck- 
oned from  zero) .  The  remainder,  divided  by  the  latent  heat  of 
the  same  steam,  gives  the  proportion  of  moisture. 
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The  superheating  calorimeter  [see  cut,  p.  43]  works  on  a 
different  principle,  requiring  no  water  and  no  weighing.  It 
consists  of  a  heater,  through  which  the  steam  to  be  tested  is 
passed,  and  in  which  the  moisture  contained  is  evaporated. 
This  apparatus  determines  the  quantity  of  moisture,  by  first 
measuring  the  quantity  of  heat  expended  in  evaporating  it,  and 
this  is  readily  done  by  supplying  the  heater  with  steam  pre- 
viously superheated  and  observing  the  fall  of  temperature 
which  the  steam  suffers  in  passing  through  the  heater.  The 
principal  data  required  are  the  temperatures  given  by  three 
thermometers,  which  do  not  need  to  be  of  delicate  construction, 
nor  to  be  read  with  extreme  care.  The  quantity  of  moisture  is 
readily  determined  to  a  small  fraction  of  one  per  cent. ,  since  a 
fall  of  some  18  degrees  in  the  temperature  of  the  supply  of 
steam  to  the  heater  is  required  for  one  per  cent,  of  moistare. 

The  steam  which  is  supplied  to  the  calorimeter,  whichever 
form  is  employed,  is  taken  from  the  main  discharge  pipe  of  the 
boiler  by  means  of  a  well-covered  half-inch  pipe.  A  long 
thread  is  cut  upon  the  pipe,  and  it  is  screwed  into  the  main  so 
as  to  extend  across  the  whole  diameter  of  the  pipe,  and  the 
enclosed  portion  is  perforated.  In  this  manner  the  points  of 
supply  are  distributed  and  a  sample  of  the  steam  is  obtained. 

Referring  to  the  various  tables  of  results  given  in  the  paper, 
some  explanation  is  needed  as  to  the  meaning  of  the  lines  and 
the  method  of  computation  employed. 

When  the  **  manner  of  start  and  stop  and  kind  of  run"  is 
stated  to  be  ordinary^  reference  is  made  to  the  method  just  de- 
scribed, the  tests  beginning  early  in  the  morning,  after  the 
boiler  had  stood  with  no  fire  and  with  closed  dampers  during 
the  preceding  night,  and  with  no  preliminary  heating ;  there 
being  an  interval  at  noon-time  when  the  production  of  steam 
nearly  ceased,  and  the  night  evaporation  being  included  in  the 
total.  When  "  manner  of  start  and  stop  and  kind  of  run"  is 
ordinary  with  preliminary  heating,  the  method  is  the  same, 
with  the  exception  that  the  night  evaporation  is  not  included 
in  the  total,  and  the  boiler  is  heated  for  a  time  preparatory  to 
the  beginning  of  the  test.     This  is  true  also  when  the  start  and 
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atop  is  made  with  a  thin  fire.  When  the  **kind  of  run"  is 
stated  to  be  continuous,  there  is  no  interval  in  the  production 
of  steam  at  noon-time  ;  and  when  it  is  spoken  of  as  a  factory 
run,  reference  is  made  to  the  case  where  the  usual  noon-day 
pause  occurs. 

The  **  duration  "  of  the  test  is  the  time  required  to  evaporate 
the  total  quantity  of  water,  assuming  the  rate  of  evaporation 
which  occurs  when  the  boiler  is  doing  its  normal  work.  It  is 
the  quotient  obtained  by  dividing  the  total  evaporation  by  the 
weight  of  water  evaporated  per  hour. 

The  quantity  of  *'  ash  "  is  the  refuse  of  the  furnace  and  ash- 
pits left  after  deducting  the  unconsumed  coal  which  fails  to 
pass  through  a  |-inch  screen;  and  the  percentage  is  found  by 
dividing  this  by  the  weight  of  dry  coal  consumed,  and  multi- 
plying the  decimal  fraction  thus  found  by  100. 

The  quantity  of  '*coal  consumed  per  hour"  is  found  by 
dividing  the  total  quantity  by  the  number  of  hours  determined 
upon  for  the  duration  of  the  test. 

The  quantity  of  '*  water  evaporated  per  hour  "is  found  by 
taking  the  weight  evaporated  during  those  portions  of  the  test 
when  the  boiler  is  doing  its  normal  work,  say,  in  the  case  of  a 
&ctory  workuag  10  hours  per  day,  from  7.15  to  11.45  a.m., 
and  from  1.15  to  5.45  p.  m.,  and  dividing  this  quantity  by  the 
number  of  hours  covered  by  those  periods. 

The  *' horse-power"  is  determined  by  first  computing  the 
equivalent  evaporation  per  hour,  supposing  the  feed-water  sup- 
plied at  100  degi-ees  and  evaporated  at  70  pounds  pressure,  and 
then  dividing  this  quantity  by  30.  This  is  the  horse-power 
basis  of  rating  established  by  the  Committee  on  Boiler  Trials, 
appointed  by  the  American  Society  of  Mechanical  Engineers. 
The  equivalent  evaporation  is  found  by  multiplying  the  actual 
hourly  rate  by  the  total  heat  of  the  steam,  reckoned  from  the 
temperature  of  the  feed-water,  and  dividing  the  product  by 
1,110,  which  is  the  total  heat  of  steam  of  70  pounds  pressure, 
reckoned  from  100  degrees. 

The  observations  of  boiler  pressure,  the  various  tempera- 
tures,   and   the   draught   suction   are   made   every   half  hour 
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while  the  boiler  is  doing  normal  work,  and  the  results  an 
averaged. 

The  water  evaporated  **  per  pound  of  coal  from  and  at  21S 
degrees  "  is  computed  by  multiplying  the  quantity  evaporatec 
per  pound  of  coal  by  the  total  heat  of  the  steam,  reckonec 
from  the  temperature  of  the  feed-water,  and  dividing  th< 
product  by  966. 

The  water  evaporated  **  per  pound  of  combustible  from  anc 
at  212  degrees  "  is  computed  by  dividing  the  **  water  per  pound 
of  coal  from  and  at  212  degrees"  by  the  percentage  of  com- 
bustible in  the  coal ;  that  is,  by  100,  less  the  percentage  of  ash, 
and  multiplying  the  result  by  100. 

In  the  tables  of  dimensions,  the  area  of  heating  surface 
given  is  that  exposed  to  the  fire  and  products  of  combustion, 
and  not  that  exposed  to  the  water  or  steam. 

No  attempt  has  been  made  in  these  tests  to  determine,  by 
chemical  analysis,  the  constituent  elements  in  the  composition 
of  either  the  coal  or  the  escaping  gases. 

The  evaporative  results  expressed  in  pounds  of  water  evap- 
orated per  pound  of  coal,  include  no  allowance  for  superheat- 
ing, in  cases  where  superheating  exists,  and  are  not  corrected 
for  moisture  when  the  steam  is  found  to  be  wet.  The  quanti- 
ties given  as  **  water  evaporated  "  are  feed-water  supplied,  and, 
presumably,  evaporated. 

Having  now  considered  in  a  brief  manner  the  general  sub- 
ject of  boiler  tests,  and  pointed  out  the  method  of  conducting 
the  particular  tests  under  notice,  we  may  pass  to  the  chief 
object  of  the  paper;  viz.,  a  review  of  the  various  results,  and 
a  consideration  of  the  general  subject  of  economy  in  the  gen- 
eration of  steam,  as  revealed  by  the  tests. 

1.  c!omparison    of    boulers    which    produce    saturated 
Steam  with  those  producing  Superheated  Steam* 

The  boilers  may  be  divided  into  two  general  classes,  accord- 
ing as  they  furnish  saturated  steam  or  superheated  steam. 
The  first  class  are,  as  a  rule,  of  the  horizontal  tubular  type, 
and  the  second  class  of  the  vertical  type.     In  most  of  the 
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boilers  which  superheat,  that  is,  vertical  boilers,  the  superheat 
IS  obtained  by  sacrificing  the  water-heating  surface,  and  pro- 
viding a  large  area  of  steam-heating  surface.  In  the  horizontal 
tubular  boiler,  the  proportion  of  heating  surface  to  grate  sur- 
face is  generally  33  or  more  to  1,  and  this  is  almost  wholly 
water  surface.  In  most  of  the  vertical  boilers,  the  proportion 
of  water  surface  to  grate  is  only  20  to  1 ,  that  of  steam  surface 
to  grate  about  10  to  1,  making  a  total  of  30  to  1,  and  this  total 
surface  is  less  than  the  ratio  given  for  the  horizontal  boiler. 
Considering  that  the  economic  performance  of  the  boiler  bears 
some  relation  to  the  proportion  which  exists  between  the  heat- 
ing surface  and  grate  surface,  as  is  shown  in  a  later  part  of 
the  paper,  the  vertical  boiler  is  handicapped  at  the  outset  by  a 
deficiency  of  surface,  even  though  the  steam-heating  surface  is 
considered  equally  as  effective  as  the  water-heating  surface. 
Let  us  make  a  comparison  between  the  two  types  of  boilers, 
however,  taking  the  proportions  which  exist.  Although  the 
evaporation  per  pound  of  coal  is  less  in  the  superheating  boiler 
than  in  the  boiler  which  does  not  superheat,  it  does  not  follow 
that  the  actual  efficiency  of  one  is  different  from  that  of  the 
other.  Superheated  steam  is  of  greater  value  than  saturated 
steam,  according  as  it  is  more  or  less  superheated.  The  reason 
for  this  is,  first,  that  superheated  steam  contains  the  greater 
amount  of  heat;  and,  second,  that  heat  expended  in  superheat- 
ing steam  secures  a  greater  return,  in  cases  at  least  where  it  is 
used  for  power,  than  the  original  heat  expended  in  evaporating 
the  water.  If,  for  example,  steam  is  superheated  100  degrees, 
the  added  heat  which  it  contains  is  47.5  thermal  units  per 
pound,  or  4.75  per  cent,  of  the  heat  required  to  evaporate  a 
pound  of  water,  supplied  at  212  degrees  and  evaporated  into 
steam  of  80  pounds  pressure.  In  other  words,  if  the  boiler 
evaporates  10  pounds  of  water  supplied  at  212  degrees  into 
steam  of  80  pounds  pressure,  and  superheats  that  steam  100 
degrees,  the  excess  of  heat  due  to  its  superheat  corresponds  to 
an  additional  evaporation  of  0.47  pounds  of  water.  When  super- 
heated steam  is  used  for  motive  power,  the  equivalent  value  of 
the  added  beat  is  more  than  the  quantity  named.     Many  engine 
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A  more  satisfactory  comparison  may  be  made  if  those  of  the 
horizontal  tubular  boilers,  which  have  been  called  ''double 
deck,"  are  discarded,  as  also  those  in  which  the  heating  surface 
is  deficient.  Throwing  out  for  this  reason  Nos.  6,  8,  16,  28, 
42  and  44,  the  average  quantities  for  the  remaining  eleven 
examples  are  as  follows  :  ratio,  39.6  ;  ash,  12.6  per  cent. ;  rate 
of  combustion,  10.2  pounds ;  temperature  of  escaping  gases,  376 
degrees;  water  per  pound  of  combustible  from  and  at  212 
degrees,  10.94  pounds.  Comparing  the  vertical  boilers  now 
with  this  new  average,  we  have  a  difference  of  99  degrees  in 
the  temperature  of  the  gases,  and  13.5  per  cent,  in  the  evapora- 
tion per  pound  of  combustible.  This  makes  the  net  superiority 
of  the  horizontal  boilers  5.3  per  cent. 

The  superior  economy  thus  shown  is  evidently  due  in  the 
main  to  the  saving  produced  by  the  low  temperature  of  the 
escaping  gases.  A  difference  of  99  degrees  is  amply  sufficient 
to  account  for  the  difference  in  the  results.  For  example, 
refer  to  the  tests  on  boiler  No.  59,  which  give  the  effect  pro- 
duced by  utilizing  the  heat  of  the  gases  in  warming  the  feed- 
water.  Here  a  reduction  of  107  degrees  in  the  temperature  of 
the  gases  secured  an  increase  in  the  evaporation  per  pound  of 
coal  amounting  to  7  per  cent.  Other  cases  are  given  where  a 
greater  reduction  secured  a  larger  saving. 

It  is  clear  that  according  to  these  tests,  which  are  selected 
more  or  less  at  random,  the  vertical  tubular  b.)iler  in  practical 
use,  having  the  proportions  given,  is  less  economical  than  the 
ordinary  type  of  homontal  return  tubular  boiler ;  and  this  is 
true  notwithstanding  the  superior  value  of  the  superheated 
steam  which  they  give,  for  which  the  most  favorable  allowance 
has  been  made. 

The  comparison  of  average  results  which  is  given,  attributes 
most  of  the  loss  to  the  waste  heat  of  the  gases,  as  indicated  by 
their  temperature ;  but  the  indication  of  temperature,  according 
to  the  best  view  of  the  subject,  is  not  a  measure  of  the  full 
extent  of  the  loss.  Owing  to  the  brick  setting  with  which  the 
boilers  are  provided,  and  the  tendency  which  hot  brick-work 
has  to  become  unsound  by  age,  it  is  probable  that,  in  practical 
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use,  a  large  quantity  of  unneeded  air  is  admitted  through  the 
brick-work,  not  only  into  the  furnace,  but  into  the  flue  space 
as  well,  which  on  one  hand  reduces  the  furnace  temperature, 
and  on  the  other  hand  lowers  the  temperature  of  the  escaping 
gases.  In  this  way  a  direct  loss  is  produced  by  cooling  the 
furnace ;  and  further,  the  loss  at  the  chimney,  measured  by  the 
temperature,  appears  to  be  less  than  it  really  is. 

There  are  two  cases  of  vertical  boilers  in  the  paper,  where 
the  proportion  of  water-heating  surface  to  grate  surface  is  fully 
as  large  as  in  the  best  form  of  horizontal  boiler,  and  the 
unfavoiiible  influence  of  air  leakage  is  prevented  by  the  use  of 
a  fire-box.  The  boilers  referred  to  are  those  numbered  47  and 
73.  The  proportions  of  water-heating  surface  to  grate  surface 
are  respectively  35.1  and  44.5  to  1.  The  temperatures  of  the 
escaping  gases  are  respectively  423  and  427  degrees.  The 
evaporations  per  pound  of  combustible  from  and  at  212  degi'ces 
are  lx)th  12.29  pounds.  Although  these  tests  were  made  using 
high  grades  of  bituminous  coal,  and  for  this  reason  cannot  be 
fairly  compared  with  those  under  consideration,  the  high  charac- 
ter of  the  two  results,  contrasted  with  those  referred  to,  brings 
out  very  clearly  the  fact  of  the  inferiority  of  that  type  of  vei'tical 
boiler  which  is  deficient  in  heating  surface  and  provided  with  a 
brick  setting. 

It  would  not  be  fair  to  conclude,  that  because  the  superheat- 
ing boilers  referred  to  are  at  a  disadvantjige  when  compared 
with  those  which  do  not  superheat,  this  result  must  always 
follow.  Were  the  loss  from  air  leakage  remedied  by  the  use 
of  a  fire-box,  there  is  good  reason  to  expect  that  the  vei'tical 
l)oiler  furnishing  superheated  steam  would  be  as  economical  as 
the  horizontal  boiler  furnishing  saturated  steam,  and  it  is  not 
improbable  that  with  suitable  arrangement  of  surface,  it  would 
in  the  long  run  take  the  first  place. 

No  data  are  given  on  either  type  of  vei'tical  boiler  to  show 
whether  a  considerable  degree  of  superheating  can  be  obtained, 
and  at  the  same  time  a  high  evaporative  eflScieney.  It  is 
probable  that  the  practical  restrictions  which  the  construction 
of  the  boiler  imposes  will  prevent  both  of  these  objects  from 
being  realized  at  the  same  time. 
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It  may  be  of  interest,  in  passing,  to  note  the  effect  produced 
by  superheating   the   steam   in   an   independent   superheater. 
Under  the  head  of  boiler  No.  2,  reference  is  made  to  a  test  on 
a  boiler  fitted  with  an  apparatus  for  this  purpose.     By  increas- 
ing the  quantity  of  coal  burned  17.8  per  cent.,  this  being  the 
coal  used  in  the  superheater,  a  superheating  of  228  degrees  was 
^'^tained.     On  the  basis  which  has  been  taken  for  computing 
tttG  value  of  the  superheat,  that  is,  a  gain  of  one  per  cent,  for 
everjr  ten  degrees  of  superheating,  this  steam  has  a  value  of 
^^•8  per  cent,  over  that  of  ordinary  steam.     Here  is  a  net  gain 
^*     7   per  cent,  in  favor  of  the  superheated  steam. 

2.     General  Conditions  which  secure  Economy. 


lancing  over  Table  No.  1,  it  appears  that,  in  general,  the 

*  sliest  results  are  produced  where  the  temperature  of  the  es- 

ing  gases  is  the  least.     A  good  examination  of  this  question 

be  made  by  selecting  those  tests  in  which  the  temperature 

,^^^ed8  the  average,  that  is,  375  degrees,  and  comparing  with 

^^^^^e  in  which  the  temperature  is  less  than  375  degrees,  taking 

^"^t  those  boilers  in  the  table  wiiich  are  of  the  common  hori- 

^^^tal  tubular  type.     It  ^vill  be  remembered  that  all  of  these 

^^ilers  use  anthracite  coal  of  either  egg  or  l)roken  size.     The 

^ts  with  high  temperature  are  given  in  Ta])le  No.  3,  and  those 

^t;h  low  temperature  in  Table  No.  4. 

The    average   flue  temperatures    in    the  two  scries  arc  444 

^^^gnrees  and  343  degrees,  respectively,  and  the  difference  is  101 

^Srees.     The  average  evai)orati()ns  are  10.40  pounds  and  11.10 

I^^U.nd8,  respectively,  and  the  lowest  result  corresponds  to  the 

.^e  of  the  highest  flue  temperature.     In  these  tests  it  appears, 

^refore,  that  a  reduction  of  101  degrees  in  the  temperature  of 

^he  waste  gases  secured  an  increase  in  the  evaporation  of  6.7 

X>«x:  cent.     This  result  corresponds  quite  closely  to  the  eflect  of 

loi?r€ring  the  temperature  of  the  gases  by  means  of  a  flue  heater 

in  the  case  already  noted,  where  a  reduction  of  107  degrees  was 

attended  by  an  increase  of  7  per  cent,  in  the  evaporation  per 

pound  of  coal. 
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A  similar  comparison  may  be  made  on  horizontal  tubular 
boilers  using  Cumberland  coal.  Table  No.  5  gives  a  list  of 
these  tests. 

Table  No.  5. 


Common  Horizontal  J^biUar  Boilers^  Curnberla'nd  Coal. 


NUMBBB  or 

Boiuu. 

Ratio  of  Heat- 
ing Sarflioe  to 
Orate. 

Percentage  of 
▲ih. 

Coal  per  hour 

per  sqnare 
Ibot  of  Orate. 

Temperature 

of  Escaping 

Oases. 

Water  per  lb. 

of  combustible 
fh>m  and  at 
313  degrees. 

9,    .        . 
18,    . 
23,    . 
26  ay., 
34,    . 

55,  . 

56,  . 

62,  . 

63,  . 

74,    .        . 

32.2  to  1 
34.6  to  1 
42.0  to  1 
37.0  to  1 
29.4  to  1 
41.6  to  1 

40.0  to  1 
47.4  to  1 
57.9  to  1 

53.1  to  1 

11.1 
6.6 

6.6 
6.5 
8.7 
6.6 
6.5 
8.3 
8.3 
7.5 

Lbi. 

10.1 

18.2 

14.0 

9.3 

10.9 
7.0 

11.1 
6.7 

12.1 

13.6 

Degrees. 

435 
453 
381 
360 
530 
431 
408 
340 
397 
413 

Lbs. 

11.52 
11.17 
11.37 

11.43 
10.60 
12.07 
11.98 
11.24 
11.99 
12.47 

Averag 

8,       . 

41.6  to  1 

7.7 

11.3 

415 

11.59 

Here  the  average  flue  temperature  is  415  degrees.  Nos.  9, 
18,  34  and  55  have  temperatures  exceeding  415  degrees.  The 
average  of  these  is  450  degrees,  and  the  average  evaporation  is 
11.34  pounds.  The  remaining  boilers  have  temperatures  below 
415  degrees,  the  average  of  which  is  383  degrees,  and  these  give 
an  average  evaporation  of  11.75  pounds.  With  67  degrees  less 
temperature  of  the  escaping  gases,  the  evaporation  is  higher 
by  about  4  per  cent.  The  difference  here  is  less  marked  than 
in  the  anthracite  tests,  both  in  range  of  temperature  and  in 
economy,  but  it  is  in  the  same  direction ;  that  is,  the  highest 
evaporation  is  produced  where  the  waste  at  the  flue  is  the 
least. 

The  wasteful  effect  of  a  high  flue  temperature  is  exhibited  by 
other  boilers  than  those  of  the  horizontal  tubular  class.  This 
source  of  waste  was  shown  to  be  the  main  cause  of  the  low 
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economy  produced  in  those  vertical  boilers  which  are  deficient 
in  heating  surface.  Examples  of  the  same  effect  are  numerous 
in  the  case  of  nearly  every  type  of  boiler  treated  in  the  paper. 
The  cast-iron  sectional  boilers  Nos.  1  and  72  have  flue  tem- 
peratures of  575  degrees  and  462  degrees,  respectively,  and 
evaporate  at  the  low  rate  of  9.79  pounds  and  9.61  pounds  of 
water  from  and  at  212  degrees  per  pound  of  combustible.  The 
six  water-tube  boilers,  referred  to  below,  are  likewise  wasteful 
on  account  of  the  high  temperature  of  the  escaping  gases.  The 
temperatures  range  between  452  degrees  and  540  degrees,  and 
the  evaporations  between  9.68  pounds  and  10.36  pounds  for 
anthracite  coal,  and  between  10.79  pounds  and  10.98  pounds 
for  bituminous  coal,  all  of  which  are  low  results  for  their  re- 
spective grades  of  coal. 


Water  per  lb. 

NcxBH  or  BOILEB. 

Kind  of  Coal. 

Temperature    of 
Escaping  Qaiet. 

ofcombiutible 
ttom  and  at 
913  degrees. 

Lbs. 

38 

Anthracite,     . 

540 

9.68 

67,   .        .        .        . 

Cumberland,  . 

452 

10.79 

65,   . 

Anthracite,     . 

513 

10.31 

07 

•        •        • 

428 

10.36 

71 

Cambria  Bituminous,    . 

471 

10.93 

76 

Cumberiand,  . 

523 

10.98 

The  plain  cylinder  boilers  Nos.  40,  54  and  69  have  a  flue 
temperature,  in  the  most  favorable  case,  of  567  degrees,  and  an 
evaporation  of  only  9.22  pounds  of  water  from  and  at  212  de- 
grees per  pound  of  combustible,  and  the  evaporation  is  reduced 
as  the  waste  temperature  increases.  The  Galloway  boiler  No. 
70,  under  extremely  favorable  circumstances  as  to  kind  of  fuel, 
mode  of  firing  and  general  management,  gave  an  evaporation  of 
only  11.06  pounds,  this  low  result  being  due,  evidently,  to  the 
fact  that  the  temperature  of  the  escaping  gases  was  at  the  high 
figure  of  575  degrees. 
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With  this  accumulation  of  examples,  no  other  conclusion  can 
be  drawn  than  that  one  of  the  vital  principles  underlying  the 
attainment  of  economy  in  the  generation  of  steam,  is  a  low  tem- 
perature of  the  escaping  gases.  What  the  temperature  should 
be  to  secure  the  best  results  is  to  some  extent  uncertain.  In 
the  examples  of  horizontal  tubular  boilers  cited,  the  best  aver- 
age results  where  anthracite  coal  is  used  are  secured  with  an 
average  temperature  of  343  degrees,  and  when  Cumberland 
coal  is  used  where  the  average  is  383  degrees.  It  will  not  be 
far  out  of  the  way  if  we  consider  375  degrees  as  a  proper  limit 
for  anthracite  coal,  and  415  degrees  for  Cumberland  coal. 
These  are  named  for  the  general  case.  Individual  boilers  may, 
in  rare  instances,  give  excellent  economy  where  the  waste  tem- 
perature exceeds  these  figures,  and  there  are  two  or  three 
examples  furnished  in  the  paper  where  this  is  true.  There  are 
so  many  instances  referred  to  where  a  boiler  secures  a  low 
grade  oi^economy  with  more  than  375  degrees  in  the  flue  when 
anthracite  coal  is  used,  and  more  than  415  degrees  when  Cum- 
berland coal  is  used,  not  only  among  boilers  of  the  horizontal 
tubular  type,  but  among  those  of  all  other  types,  that  it  seems 
reasonable  to  lay  down  these  temperatures  for  a  limit. 

Let  us  consider  now  what  other  conditions  are  necessary  to 
secure  economy.  It  cannot  be  denied  that  the  relation  between 
the  heating  surface  and  grate  surface  is  important,  and  the 
question  arises  as  to  what  that  relation  should  be  to  obtain  the 
highest  efficiency.  A  proper  settlement  of  this  question  cannot 
be  made  on  the  basis  of  the  data  given  by  the  tests.  An  in- 
sufficient number  of  examples  is  furnished  for  a  full  examina- 
tion. Much  may  be  learned,  however,  from  the  few  cases 
given.  Keeping  to  the  common  horizontal  boiler,  let  us  select 
from  the  anthracite  coal  tests  the  boilers  in  which  the  ratio  is 
below  40  to  1  and  above  30  to  1,  and  compare  with  those  in 
which  the  ratio  is  more  than  40  to  1,  taking,  however,  only 
those  cases  where  the  temperature  of  the  gases  is  low  and  the 
rate  of  combustion  is  above  9  pounds  per  square  foot  of  grate 
per  hour.     The  tests  used  are  Nos.  18,  21  and  26  for  the  small 
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There  b  a  di^Eerence  here  of  II.S  in  t&e  ratio  gtven^  aad  ed^ 
a  dl%bt  <£A^renee  in  the  character  of  the  resshs.  XdUBp 
Menie  to  be  gained  in  theae  cases  b j  increasng  tk  SHrfive 
above  a  ratio  of  36.4  to  1,  althoagfa  this  inereaae  aaiiwlii  to 
abocit  one-third*  There  is  in  realitj  a  Ices.  CkiijMfe  tbe 
inqmrf  farther^  and  taking  the  so-called  dooble-deek  bdilers^  of 
wfai<^b  there  are  four  imstances  sriren  in  Table  Xo.  1,  tlieaTen^ 
ratio  L%  f>5.3  to  I  an^l  the  average  evaporation  is  10.88  pounds. 
H#^e  ali90  a  \om  of  even  greater  amoont  is  produced,  ahfaoa^ 
the  nnrisur-je  i.%  increased  to  the  enormous  extent  of  80  per 
cent.  The»^  comparisons  are  made  with  different  kinds  of 
anthracite  coal«i  of  large  sizes,  and  aome  allowance  most  be 
ma^lc  fffT  the  po>«isihle  effect  which  a  Tariation  of  quality  of  fuel 
may  have  on  the  results.     But  the  comparisons  are  suggestive. 

The  evidence  here  given  shows  that  a  ratio  of  36  to  1  pro- 
vific!4  a  sufficient  quantity  of  heating  surface  to  secore  the  fiiU 
efficiency  of  anthracite  coal  where  the  rate  of  combustion  is  not 
more  than  1 2  [Kmnds  per  square  foot  of  grate  per  hour. 

'^rhere  are  no  Hatinfactory  tests  which  can  be  averaged  in  the 
^rxamination  of  thin  matter  in  eases  where  bituminous  coal  is 
nMM\ ;  liut  individual  examples  furnish  valuable  evidence  as  to 
the  qunniity  of  Hurface  required.  Boilers  Xos.  51  and  52  are 
CM^!H  in  point.  Here  an  increase  in  the  ratio  from  36.8  to  42.8 
w.curcd  a  Hmnll  imi)rovcmcnt  in  the  evaporation  per  pound  of 
coflif  and  n  high  temperature  of  the  escaping  gases  indicates 
^\ii9X  a  atiii  further  increase  would  be  beneficial.     Among  the 
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high  results  produced  on  common  horizontal  tubular  boilers 
using  bituminous  coal,  the  highest  occurs  in  No.  74,  where  the 
ratio  is  53.1  to  1.  This  boiler  gave  an  evaporation  of  12.47 
pounds.  Passing  to  the  double-deck  form  of  boiler,  No.  6 
furnishes  another  example  of  high  performance,  an  evaporation 
of  12.42  pounds  having  been  obtained  with  bituminous  coal, 
and  in  this  case  the  ratio  is  65  to  1.  These  examples  indicate 
that  a  much  larger  amount  of  heating  surface  is  required  for 
obtaining  the  full  efficiency  of  bituminous  coal  than  for  boilers 
using  anthracite  coal.  There  is  sufficient  reason  for  this  re- 
quirement in  the  fact  that  bituminous  coal  is  of  a  gaseous 
nature,  and  the  heat  generated  in  its  combustion  is  spread 
through  a  larger  space.  The  temperature  of  the  escaping 
gases  in  the  same  boiler  is  invariably  higher  when  bituminous 
coal  is  used  than  when  anthracite  coal  is  used,  and  this  points 
to  the  same  characteristic.  In  practice,  the  deposit  of  soot  on 
the  surfaces  when  bituminous  coal  is  used  interferes  with  the 
full  efficiency  of  the  surface,  and  an  increased  area  is  demanded 
as  an  offset  to  the  loss  which  this  deposit  occasions. 

It  would  seem,  then,  that  if  a  ratio  of  36  to  1  is  sufficient  for 
anthracite  coal,  from  45  to  50  should  be  provided  when  bitu- 
minous coal  is  burned,  especially  in  cases  like  those  referred 
to,  where  the  rate  of  combustion  is  above  10  or  12  pounds 
per  square  foot  of  grate  per  hour. 

The  tests  furnish  some  light  upon  the  question  as  to  the  best 
manner  of  arranging  the  heating  surface.  This  subject  has 
special  bearing  upon  the  horizontal  tubular  type  of  boilers.  In 
studying  these  boilers  the  question  comes,  what  is  the  most 
efficient  size  of  shell,  and  what  number,  length  and  diameter  of 
tubes  gives  the  highest  result. 

The  size  of  shell  does  not  appear  to  have  much  effect  on  the 
economy.  The  best  result  obtained  with  anthracite  coal,  viz., 
11.53  pounds  of  water  from  and  at  212  degrees  per  pound  of 
combustible,  is  a  case  where  the  diameter  of  the  shell  is  48 
inches,  and  this  result  is  all  that  can  be  expected  or  desired 
from  any  size  of  boiler. 

The  number  of  tubes  controls  the  ratio  between  the  area  of 
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grate  surface  and  area  of  tube  opening.  Boilers  Nos.  6  and  16 
have  a  very  large  number  of  tubes  and  consequently  a  small 
ratio  of  grate  to  tube  opening.  The  ratio  is  5.2  to  1.  They 
also  have  the  very  large  area  of  heating  surface  represented  by 
ratios  of  65  and  60  to  1.  Notwithstanding  the  ample  provision 
of  surface  and  other  favorable  conditions,  the  evaporation  with 
anthracite  coal  is  no  higher  than  boilers  give  which  have  sur- 
face of  much  less  extent,  though  of  such  character  that  the  tube 
opening  bears  a  smaller  proportion  to  the  grate  surface.  The 
conclusion  which  is  well  warranted  by  this  fact  is  that  a  certain 
minimum  amount  of  tube  opening  is  required  for  efficient  work. 
This  conclusion  is  borne  out  by  the  result  of  the  tests  with 
anthracite  coal  on  boiler  No.  23,  where  the  products  of  com- 
bustion make  two  circuits  through  the  shell  and  the  ratio  of 
grate  surface  to  tube  opening  is  11.6  to  1.  The  ratio  of  heating 
surface  to  grate  here  is  42  to  1,  and  the  average  evaporation 
per  pound  of  combustible  from  and  at  212  degrees  is  11.16 
pounds.  The  best  results  obtained  with  anthracite  coal  in  the 
common  horizontal  boiler  are  in  cases  where  the  ratio  is  larger 
than  9  to  1.  From  these  facts  the  conclusion  is  di*awn  that  the 
highest  efficiency  with  anthracite  coal  is  obtained  when  the 
tube  opening  is  from  one-ninth  to  one-tenth  of  the  grate 
surface. 

When  bituminous  coal  is  burned  the  requirements  appear  to 
be  different.  We  may  again  refer  to  the  evidence  of  the  tests. 
The  effect  of  a  large  tube  opening  does  not  seem  to  make  the 
extra  tubes  so  inefficient  when  bituminous  coal  is  used.  The 
highest  result  on  any  boiler  of  the  horizontal  tubular  class, 
fired  with  bituminous  coal,  is  obtained  when  the  tube  opening 
is  largest.  This  is  boiler  No.  74,  which  gives  an  evaporation  of 
12.47  pounds,  and  the  ratio  of  grate  surface  to  tube  opening  is 
5.4  to  1.  The  next  highest  result  is  produced  in  boiler  No.  6 
already  alluded  to,  which  gives  12.42  pounds,  and  the  ratio  is 
5.2  to  1.  Another  high  result  is  produced  by  boiler  No.  11. 
This  is  12.03  pounds,  and  the  riitio  is  4.1  to  1.  Table  No.  5 
gives  three  high  results,  averaging  12.01  pounds,  and  here  the 
average  ratio  is  7.1   to   1.     These  instances  are  sufficient  to 
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exhibit  the  need  of  a  larger  area  of  tube  opening  when  bitumi- 
nous coal  is  used  than  when  anthracite  is  used,  and  this  might 
be  expected  in  view  of  the  gaseous  nature  of  the  products  of 
combustion.  Without  going  to  extremes,  the  ratio  evidently 
most  to  be  desired  when  bituminous  coal  is  used  is  that  which 
gives  a  tube  opening  having  an  area  of  from  one-siicth  to  one- 
seventh  of  the  grate  surface. 

As  to  the  effect  which  size  of  tubes  has  upon  economy,  there 
is  little  direct  information.  Only  one  set  of  tests  bears  on  the 
question,  those  made  on  boilers  Nos.  51  and  52,  in  one  of  which 
140  3-inch  tubes  are  used,  and  in  the  other  100  3J-inch.  The 
Iwiler  with  the  smaller  tubes  gave  the  best  result,  but  the 
improved  performance  was  evidently  due  to  the  increased  heat- 
ing surface,  of  which  there  was  an  addition  of  one-sixth, 
rather  than  to  any  difference  in  the  diameter  of  the  tubes.  It 
niay  be  inferred  from  the  fact  that  bituminous  coal  requires  a 
larger  collective  area  of  tubes  for  best  results  than  anthracite 
coal,  that  it  may  also  require  a  larger  individual  area,  and 
therefore  larger  diameter  of  tubes.  This  inference  is  not  borne 
out  by  a  comparison  of  the  tests  on  boilers  No.  6  and  No.  74, 
one  of  which  had  3-inch  tubes  and  one  3J-inch,  though  the 
two  boilers  are  of  somewhat  different  type.  A  practical  objec- 
tion to  the  use  of  too  small  tubes  must  be  kept  in  mind  in 
those  cases  where  a  very  smoky  grade  of  bituminous  coal  is 
nsed,  and  frequent  opportunity  cannot  be  had  to  clean  the 
tubes,  so  as  to  prevent  a  serious  accumulation  of  soot. 

The  proper  arrangement  of  tubes  in  the  matter  of  length  is 
settled  when  the  relations  of  heating  surface  to  grate  and  of 
grate  to  tube  area  are  once  fixed  upon. 

The  best  proportions  of  vertical  tubular  boilers  are  not 
<^tablished.  There  does  not  appear  to  be  any  reason  why  the 
relations  of  heating  surface  to  grate  and  of  grate  to  tube  area, 
found  desirable  in  the  horizontal  boiler,  should  not  apply  with 
^nal  force  to  the  vertical  boiler,  and  this  view  of  the  matter 
18  justified  by  the  results  of  the  test  on  boiler  No.  73.  In  this 
ooiler  there  are  44.5  square  feet  of  water-heating  surface  to  1 
^f  grate,    and  7.1   square  feet  of   gi'ate  to  1    of  tube  area. 
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which  agree  practically  with  the  proportions  named  for  the  best 
work  in  horizontal  boilers  using  bituminous  coal.  If  we  allow 
the  equivalent  evaporation  for  the  effect  of  the  18  degrees  of 
superheating  in  the  same  manner  as  in  the  tests  on  the  vertical 
boilers,  considered  under  a  previous  heading,  the  evaporation 
into  saturated  steam  containing  one  per  cent,  of  moisture  from 
and  at  212  degrees  per  pound  of  combustible  in  this  case  is 
12.75  pounds.  • 

This  discussion  of  the  general  conditions  which  secure  econ- 
omy applies  to  medium  rates  of  combustion  of  say  10  to  12 
pounds  per,  square  foot  of  grate  per  hour,  such  as  will  secure 
the  rated  capacity  of  the  boiler  when  the  power  is  based  on  12 
square  feet  of  water-heating  surface  per  horse-power. 

3.      C!0MPARI80N   OF   DIFFERENT   EiNDS  OF  BoiLERS. 

It  seems  to  the  writer  that  the  general  principles  of  economy, 
to  which  attention  has  just  been  devoted,  though  deduced 
mainly  from  a  study  of  horizontal  tubular  boilers,  are  based 
upon  such  feasonable  grounds  that  they  may  be  applied  to  all 
forms  of  steam  boilers.  The  proportion  most  to  be  desired 
between  tube  opening  and  grate  surface  cannot  be  applied  to  a 
boiler  which  has  no  tubes ;  but  the  relations  established  between 
heating  surface  and  grate  surface,  and  the  best  condition  as  to  the 
temperature  of  the  escaping  gases,  are  principles  which  can  be 
applied  in  all  cases.  Before  making  a  comparison  of  the 
economy  of  different  types  of  boilers,  these  principles  should 
be  remembered,  and  the  comparison  based  on  the  performance 
of  the  boiler  when  suitable  conditions  exist  for  the  attainment 
of  the  best  result.  There  is  only  one  case  where  this  cannot 
be  done,  and  that  is  where  the  construction  of  the  boiler  for- 
bids the  attainment  of  those  conditions. 

A  large  proportion  of  the  boilers  treated  of  in  the  paper  are 
in  one  form  or  another  of  the  horizontal  tubular  type.  The 
number  of  these  is  47.  Of  this  number,  there  are  32  of  the 
common  return  tubular  type ;  1  is  what  may  be  termed  a 
direct  tubular  with  common  furnace ;  2  are  direct  tubular 
with  detached  furnace ;  1  has  two  furnaces  for  alternate  firing ; 
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2  are  provided  with  a  water  leg  for  the  front  of  the  furnace ;  3 
have  such  an  arrangement  of  tubes  that  there  is  a  double  pas- 
sage of  the  products  of  combustion  through  the  boiler ;  6  are 
of  the  double-deck  type. 

Of  the  remaining  boilers,  3  are  plain  cylinder,  12  vertical 
tubular,  3  cast-iron  sectional,  11  water-tube  and  1  Gralloway. 

The  most  favorable  results  with  the  conmion  horizontal 
boiler  are  those  obtained  on  Nos.  19  and  21  with  anthracite 
coal,  and  on  Nos.  55,  56  and  74  with  Cumberland  coal.  The 
average  of  the  first  is  11.37  pounds  and  of  the  second  12.17 
pounds.     The  conditions  in  all  these  cases  were  favorable. 

The  direct  tubular  boiler  with  conunon  furnace,  No.  25, 
cannot  be  compared  with  these  on  account  of  the  different 
kinds  of  coal  used ;  but  this  boiler  can  be  compared  with  No. 
24,  which  is  of  the  common  type  and  which  used  the  same  kind 
of  fuel.  In  this  comparison  it  stands  at  a  disadvantage,  but 
there  seems  to  be  a  reason  for  it  in  the  fact  of  the  unfavorable 
proportion  of  heating  surface  to  grate,  which  is  only  27.7  to  1. 

The  direct  tubular  boilers  with  detached  furnace,  Nos.  17 
and  63,  cannot  both  be  brought  into  the  comparison,  since  the 
former  used  a  mixture  of  screenings  and  bituminous  coal.  The 
latter.  No.  63,  which  was  tested  with  both  anthracite  and 
Cumberland  coal  can  be  used.  The  anthracite  coal  gave  an 
evaporation  of  11.33  pounds,  and  the  bituminous  coal  11.99 
pounds.  Both  of  these  are  nearly  as  good  results  as  the  high- 
grade  common  boilers  produced.  Here  the  heating  surface 
bears  a  ratio  of  57.9  to  1  of  grate,  and  the  ratio  of  grate  to 
tube  opening  is  6.7  to  1.  Under  these  circumstances,  which 
are  most  favorable,  a  high  result  would  be  expected  from  any 
form  of  boiler,  and  the  detached  furnace  cannot  reasonably  lay 
claim  to  any  special  advantage. 

The  boiler  with  two  furnaces  for  alternate  firing.  No.  33, 
which  is  evidently  of  use  only  in  cases  where  bituminous  coal 
is  burned,  gave  a  result  much  below  that  of  the  common 
boiler.  There  is  plenty  of  heating  surface,  but  it  was  for  some 
reason  inefficient,  for  a  large  waste  occurred,  as  indicated  by 
the  ^  high  temperature  of  the  escaping  gases.     The  difference 


64 

betweeu  the  evaporation  obtained,  which  was  10.93  pounds, 
and  the  standard  of  reference,  12.17  pounds,  is  due  in  a  meas- 
ure to  this  disadvantage,  but  the  difference  is  too  large  to  be 
wholly  accounted  for  by  the  waste  at  the  flue.  It  must  be 
concluded  from  this  single  instance  that  the  double  furnace 
type  of  boilers  is  inferior  to  the  common  type. 

The  boilers  which  have  a  water  leg  for  the  front  of  the 
furnace,  differ  so  little  irom  the  common  boiler  that  neither 
loss  nor  gain,  if  either  occurred,  could  with  reason  be  attrib- 
uted to  this  method  of  construction.  Boiler  No.  18,  which  is 
fitted  in  this  manner,  gave  an  evaporation  with  anthracite  coal 
amounting  to  11.24  pounds.  This  excellent  result  is  largely 
due,  no  doubt,  to  the  new  condition  of  the  boiler  and  to  the 
favorable  proportions  which  existed. 

The  boilers  in  which  a  double  passage  of  the  products  of 
combustion  occurred  are  Nos.  7,  23  and  66.  Only  one  needs 
to  be  considered,  viz..  No.  23,  the  others  being  foreign  to  the 
discussion.  Here,  again,  a  favorable  result  is  produced  with 
anthracite  coal,  the  evaporation  being  11.20  pounds  of  water 
from  and  at  212  degrees  per  pound  of  combustible,  and  here, 
again,  favorable  conditions  lent  their  aid.  The  result  obtained 
with  bituminous  coal  is  rather  low.  According  to  the  conclu- 
sions which  we  have  established  relating  to  proportions  of 
boilers,  the  tube  opening  is  insufficient,  being  only  a  little 
more  than  one-half  of  that  laid  down  for  bituminous  coal. 
This  form  of  boiler  is  not  well  adapted  for  securing  a  large  tul>e 
opening,  because  with  a  given  number  of  tubes  only  half  of 
them  can  be  employed  for  carrying  the  products  in  one  direc- 
tion. The  desired  end  must  be  secured  by  reducing  the  length 
of  the  tubes  and  increasing  their  numl)er,  using  a  larger  shell. 
The  test  gives  no  indication  of  the  result  which  would  follow 
this  change  of  construction. 

The  double-deck  boilers  Nos.  6,  16  and  42,  burning  anthra- 
cite coal  with  high  rates  of  combustion,  give  an  average  evapo- 
ration of  11.05  pounds.  Those  numbered  6  and  11,  burning 
bituminous  coal,  give  an  average  of  12.22  pounds.  One  is 
slightly  below  the  standard  of  the  common  tubular  boiler  and 
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the  other  slightly  above  it.  Here  the  benefit  is  one  due 
undoubtedly  to  favorable  proportions,  and  this  benefit  can  be 
fiilly  attained  by  the  adoption  of  similar  proportions  in  the 
common  type  of  boiler,  as  individual  tests  clearly  show. 

With  all  the  various  modifications  in  the  type  of  horizontal 
tubular  boiler  to  which  the  tests  refer,  some  of  which  it  must  be 
admitted  give  excellent  results,  there  is  no  other  conclusion  to 
be  drawn  than  that  the  form  of  horizontal  boiler,  which  with 
suitable  proportions  and  operation  can  be  depended  upon  to  give 
the  highest  evaporation,  is  the  common  horizontal  return  tubu- 
lar boiler,  so  widely  used  in  New  England  factories. 

Passing  to  the  boilers  of  the  other  types  named,  the  first  is 
the  plain  cylinder.  Little  need  be  said  of  this  boiler,  it  is  of 
such  evident  inferiority  as  an  economical  generator  of  steam. 
The  ratio  of  heating  surface  to  grate  surface  is  in  no  case  above 
10.9  to  1.  If  36  square  feet  of  heating  surface  is  required  for 
economical  results,  nothing  can  be  expected  from  a  proportion 
of  less  than  one-third  of  this  quantity,  and  it  is  probably  out  of 
the  question  to  institute  a  rearrangement  which  will  secure  the 
desired  end  in  any  practical  way. 

The  next  form  is  the  vertical  boiler.  This  has  already  been 
taken  up  under  the  head  of  superheating  boilers,  and  only  the 
conclusions  there  derived  require  mention.  These  are,  that  if 
suitable  attention  is  given  to  the  design  of  the  boiler,  the  verti- 
cal tubular  compares  favorably  with  the  horizontal  boiler.  The 
example  afibrded  by  boiler  No.  73,  using  Cumberland  coal, 
corroborates  this  view  in  the  most  positive  manner.  The 
result  obtained  in  this  one  case,  when  reduced  to  the  basis  of 
horizontal  boilers  giving  steam  containing  one  per  cent,  of 
moisture,  in  the  miinner  pointed  out  for  superheating  boilers, 
is  an  equivalent  evaporation  of  12.75  pounds  of  water  from  and 
at  212  degrees  per  pound  of  combustible.  We  have  a  result 
here  which  surpasses  any  given  by  horizontal  tubular  boilers. 
Its  accuracy  cannot  be  questioned  since  vertical  boiler  No.  47, 
though  of  a  little  different  arrangement,  gave  a  result  which, 
without  allowance  for  superheating,  is  precisely  the  same. 
These  instances  are  not  of  sufiScient  number  to  establish  the 
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Tertical  boiler  as  one  of  superior  economy  to  the  horizontal 
boiler,  but  they  show  that  when  properly  designed,  it  is  at 
least  the  equal  of  the  horizontal  boiler. 

The  three  cases  of  cast-iron  sectional  boilers,  viz.,  Nos.  1, 
41  and  72,  give  comparatively  poor  results.  The  unfavorable 
showing  is  due  in  some  degree  to  unfavorable  conditions.  In 
every  one  the  ratio  of  heating  surface  to  grate  surface  is  below 
that  which  has  been  given  as  essential  to  economical  work.  In 
all  three  cases  the  effect  of  the  departure  from  correct  prin- 
ciples is  seen  iil  the  high  degree  of  flue  temperature.  There  is 
nothing  in  the  construction  of  the  boiler  to  prevent  the  employ- 
ment of  any  proportions  between  heating  surface  and  grate  sur- 
face which  may  be  desired,  and  it  is  not  improbable  that  the 
results  would  have  been  equal  to  those  of  the  tubular  boiler 
if  suitable  proportions  had  existed. 

There  is  some  variety  in  the  economic  results  produced  by 
the  water-tube  boilers.  Out  of  the  whole  number  of  boilers 
given,  amounting  in  all  to  eleven,  only  two  appear  to  reach  the 
standard  laid  down  for  good  economy.  The  principal  results 
are  given  in  Table  No.  6. 

Examining  these  figures  closely,  it  is  seen  that  the  two 
results  referred  to  (boilers  Nos.  35  and  75)  were  produced  by 
boilers  having  a  large  ratio  of  heating  surface  to  grate  sur- 
face, and  in  which  there  was  a  high  rate  of  combustion  and  a 
low  temperature  of  the  flue.  In  addition  to  this,  the  boilers 
were  comparatively  new.  These  are  conditions  which,  as 
already  shown,  invariably  attend  high  performance.  Both 
results  compare  favorably  with  the  standard  of  tubular  boilers, 
and  one  —  that  given  by  boiler  No.  75  —  surpasses  the  best 
figure  given,  not  only  for  horizontal  tubular  boilers,  but  for  all 
other  kinds  referred  to  in  the  paper.  The  remarkable  per- 
formance here  shown,  however,  is  but  an  individual  case  of 
excellent  work.  It  is  unsupported  by  any  other  result,  and 
for  this  reason  some  doubt  may  be  entertained  whether  the 
water-tube  type  of  boiler  can  be  depended  upon  for  the  supe- 
rior work  which  this  exemplifies.  Nos.  57,  71,  76  and  77, 
which  used  high  grades  of  bituminous  coal,  give  a  much  lower 
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result,  and  after  the  most  favorable  allowance  is  made  for  the 
waste  due  to  excessive  flue  temperature,  they  do  not  appear  to 
be  capable  of  obtaining  more  than  12  pounds  evaporation, 
which  is  much  beloW  the  performance  of  No.  75.  The  same 
boiler  (No.  75),  using  a  high  grade  of  coal  on  another  occasion 
three  years  later,  gave  a  result  17  per  cent,  below  the  figure 
named.  This  is  boiler  No.  57.  A  smaller  grate  was  used  on 
that  occasion,  and  the  proportion  of  heating  surfiu^e  to  grate 
was  thereby  increased,  still  preserving  about  the  same  rate  of 
combustion.  The  inferior  results  given  for  the  remaining 
water-tube  boilers  can  generally  be  attributed  to  waste  heat  at 
the  flue.  In  boilers  65  and  67  the  high  temperature  seems  to 
be  due  to  a  deficiency  in  the  quantity  of  heating  surfiu^.  In 
the  remaining  boilers,  it  appears  to  be  inefficiency  of  the  sur- 
face which  causes  loss,  and  this  may  be  attributed  either  to 
deposit  of  scale  on  the  interior  of  the  surface,  or  of  soot  and 
kindred  substances  on  the  exterior.  The  last  may  be  of  fre- 
quent occurrence  if  the  care  of  the  boiler  is  neglected,  more 
especially  since  the  exterior  surfaces  of  water-tube  boilers  are 
difficult  of  access,  and  are  usually  cleaned  only  by  the  use  of  a 
jet  of  steam.  On  the  whole,  the  water-tube  boilers  may  be 
considered  to  be  equal  in  economy  to  the  tubular  boilers,  under 
the  conditions  of  comparison  determined  upon,  that  is,  when 
the  conditions  are  favorable  to  economy. 

There  remains  the  single  Galloway  boiler,  which  was  tested 
with  Cuml>erland  coal.  Unfavorable  conditions  for  economy 
exist  here,  and  the  low  result  produced  is  no  different  from 
what  would  be  expected.  According  to  the  principles  govern- 
ing economical  work  many  times  exemplified  in  this  discussion, 
there  were  disadvantages  on  every  hand,  and  the  results  furnish 
no  guide  as  to  the  capabilities  of  this  form  of  boiler  when 
operated  under  favorable  conditions. 

The  general  conclusion  to  be  drawn  from  all  these  compari- 
sons is  that  the  economy  with  which  different  types  of  boilers 
operate  depends  much  more  upon  their  proportions  and  the 
conditions  under  which  they  work,  than  upon  their  type*;  and, 
moreover,  that  when  these  proportions  are   suitably  carried 
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out,  and  when  the  conditions  are  favorable,  the  various  types 
of  boilers  give  substantially  the  same  economic  result. 

4.       C!OMPARISON   OF   DIFFERENT  KiNDS   OF   FUEL. 

There  are  two  methods  of  treating  the  question  of  a  compari- 
son of  different  kinds  of  fuel. 

One  method  determines  the  relative  economy  of  the  various 
fuels  when  each  is  burned  under  the  conditions  regarding  type 
and  arrangement  of  boiler,  which  will  give  the  most  favorable 
results.  The  other  method  compares  the  various  results  obtained 
when  the  fuels  are  burned  in  the  same  boiler,  regardless  of  pro- 
portions and  regardless  of  the  special  adaptability  of  the  boiler 
for  the  economical  use  of  any  particular  kind  of  fuel.  The  true 
economy  of  a  Aiel  depends  to  some  extent  upon  its  market 
price.  Changes  which  occur  from  time  to  time  in  the  relative 
market  prices  of  different  fuels  make  one  fuel  the  most  eco- 
nomical at  one  time  and  another  fuel  at  another  time.  It 
becomes  advisable,  on  this  account,  to  change  fuels  when  a  suf- 
ficient change  of  prices  occurs.  If  this  is  done  it  is  not  usually 
practicable  to  make  any  material  alteration  in  the  boiler,  and 
as  a  consequence  one  design  of  boiler  must  answer  for  all  kinds 
of  coal.  It  is  for  this  reason  that  the  second  method  alluded  to 
for  the  treatment  of  this  subject  is  preferred,  and  this  is  the  one 
to  which  most  of  the  tests  conform. 

A  comparison  will  be  made  first  on  the  basis  of  the  number 
of  pounds  of  water  from  and  at  212  degrees  evaporated  per 
pound  of  coal.  Anthracite  broken  coal  will  be  used  as  a  stand- 
ard, and  the  comparison  made  by  determining  the  percentage 
of  increase  or  decrease  in  each  case  above  or  below  the  evap- 
oration with  that  coal.  Table  No.  7  gives  a  summary  of  the 
results  of  those  tests  which  can  be  treated  in  this  manner. 
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Table  No.  7. 


NUMBU  DBnOVATIllO 

Test. 


a 

6 


a   S 


I 

6 


ft   ^ 


I 


I 


O 

o 

00 


9i 


10, 
12, 
U, 
15, 
16, 
18, 
19, 
46, 
47, 
54, 
55, 
57, 
58, 
69, 
70, 
78, 
75, 
119, 
122, 
123, 


Average,  . 


Percent. 
20 

17 
10 


Percent. 


14 


17 

9 
8 


12.8 


Per  cent. 


13 


9.5 


Percent. 


14 


4.2 


Percent. 


2 


14 


8 


Per  cent. 


31 


14 


*  Increase. 


If  we  assume  an  evaporation  of  11.00  pounds  of  water  from 
and  at  212  degrees  per  pound  of  combustible  for  the  perform- 
ance of  anthracite  broken  coal,  which  seems  to  be  a  result 
within  easy  reach  in  good  practice,  and  farther  assume  11  per 
cent,  for  an  average  percentage  of  ash  in  such  coal,  the  above 
comparison  will  be  applied  to  an  evaporation  of  9.79  pounds  of 
water  from  and  at  212  degrees  per  pound  of  coal.  The  per- 
fonnance  of  the  various  fuels,  expressed  in  pounds  of  water 
evaporated  per  pound  of  dry  coal,  will  then  be  as  follows :  — 
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Namk  or  Coal. 


Water  flrom  and 

at  212  degrees 

per  lb. 

of  dry  ooaL 


Ajithracite  Broken, 

Ouznberland, . 

.Anthracite  Chestnut, 

-A^nthracite  Pea,         ....... 

T^wo  parts  Pea  and  Dust  and  one  part  Cumberland, 
Two  parts  Pea  and  Dust  and  one  part  Culm, 
Tova  Scotia  Culm, 


Lba. 

9.79 
11.04 
9.40 
8.86 
9.38 
9.01 
8.42 


These  figures  apply  to  dry  coal.     The  fine  grades  of  anthra- 
csite  coal  and  the  bituminous  coals  are  frequently  moist  from 
exposure  to  the  weather.     In  the  moist  or  even  wet  condition 
"%Thich  exists  when  the  purchaser  buys  coal,  this   comparison 
cioes  not  indicate  the  true  relative  performance.     The  quantity 
CDf  moisture  which  such  coal  contains  is  uncertain  and  variable. 
Three  per  cent,  may  be  allowed  for  an  average,  but  in  individual 
cmses  it  may  run  anywhere  from  0  to  6  per  cent,  or  8  per  cent. 
"While  this  allowance  serves  to  reduce  the  evaporation  with  the 
c^oals  named,  the  coarse  grades  of  anthracite  coal  in  practice 
liave  an  allowance  which,  though  of  different  nature,  operates 
in  the  same  manner.     The  figures  of  the  tests  are  based  on  the 
weight  of  coal  obtained  by  deducting  unconsumed  fuel  left  at 
the  end  of  the  test,  and  no  deduction  of  much  consequence  re- 
quires to  be  made  except  when  the  large  grades  of  anthracite 
coal  are  used.     In  the  practical  work  of  operating  boilers  much 
of  this  unconsumed  coal  is  thrown  away  with  the  ashes.     It 
readily  amounts  to  3  per  cent.,  and  this  corresponds  to  the 
allowance  which  with  other  fuels  may  be  made  for  moisture. 
The  quantities  given  may  therefore  be  used,  as  they  stand,  for 
purposes  of  comparison,  although  taken  individually  they  do 
not  show  precisely  the  work  of  the  various  fuels  in  the  condi- 
tions in  which  they  are  bought  and  used. 

In  the  comparison  of  relative  quantity  of  water  evaporated 
by  the  different  fuels,  it  is  seen  that  Cumberland  coal  easily 
takes  the  lead.     As  Table  No.  7  shows,  the  evaporation  is  12.8 


per  cent,  more  than  that  of  anthracite  coal.  In  the  other  cases 
the  evaporation  is  less  than  that  of  anthracite  coal ;  chy tnut 
coal  is  4  per  cent,  less ;  pea  coal  9.5  per  cent. ;  mixture  of  pea 
and  dust  and  Cumberland  4.2  per  cent. ;  mixture  of  pea  and 
dust  and  culm  8  per  cent. ;  Nova  Scotia  culm  14  per  cent. 

Proceeding  &rther,  let  us  examine  the  subject  from  the 
financial  standpoint  and  make  a  comparison  on  the  basis  of  cost. 
Two  elements  must  be  considered  here,  viz.,  cost  of  fuel  and 
cost  of  labor.  Both  vary  for  the  different  fuels.  Take  the  case 
of  a  plant  of  1,000  horse-power.  According  to  the  standard  of 
horse-power  used  in  the  paper,  the  daily  product  of  steam  for 
ten  hours'  run  of  such  a  plant  is  344,721  pounds,  assumed  to 
be  evaporated  from  and  at  212  degrees.  Using  this  figure,  the 
number  of  tons  of  the  various  kinds  of  coal  used  per  day  is  com- 
puted and  the  quantities  are  given  in  Table  No.  8.  This  table 
also  contains  the  prices  of  the  various  coals  found  by  taking 
an  average  of  the  present  quotations  for  a  cargo  delivered  in 
the  cities  of  Lawrence,  Fall  River  and  Waltham ;  and  fisirther,  the 
total  cost  of  coal  for  one  day's  run  at  the  prices  named.  The 
table  also  gives  the  cost  of  labor  required  in  firing,  the  assump- 
tion being  made  in  the  case  of  anthracite  coal  of  broken,  chest^ 
nut  or  pea  sizes,  that  the  labor  is  performed  by  two  day 
firemen,  one  night  fireman  and  two  helpers,  and  in  the  case  of 
bituminous  coals  that  one  additional  fireman  is  required ;  while 
in  that  of  the  mixed  fuels,  one  fireman  and  one  helper  addi- 
tional are  required.  The  wages  of  the  firemen  are  assumed  to 
be  $1.75  per  day,  and  of  helpers  $1.25  per  day.  Finally,  the 
table  gives  the  total  cost  of  fuel  and  labor  for  the  day's  run 
of  ten  hours,  computed  in  accordance  with  the  assumptions 
named. 

It  appears  from  Table  No.  8  that  at  the  prices  named  there 
is  a  difference  in  the  cost  of  coal  and  labor  for  a  day's  run  on  a 
1 ,000  horse-power  plant,  reckoned  between  the  highest  and  low- 
est quantities,  of  $41.27.  The  significance  of  this  sum  is  apparent 
when  it  is  considered  that  in  a  year's  time  it  represents  $12,711. 
Such  a  sum  has  no  small  relation  to  the  total  amount  of  profit 
which  a  mill  employing  a  1,000  horse-power  plant  realizes. 
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This  sam  saved  would  be  safficient  to  add  one  per  cent,  and 
possibly  two  per  cent,  to  the  annual  dividends. 

The  highest  cost  in  the  comparison  attends  the  use  of  anthra- 
cite chestnut  coal,  and  the  lowest  that  of  a  mixture  of  two  parts 
pea  and  dust  and  one  part  Nova  Scotia  culm.  The  pure  Nova 
Scotia  culm  stands  about  on  a  par  with  the  mixture. 

If  the  Nova  Scotia  coal  and  the  mixture  containing  Nova 
Scotia  coal  are  left  out  of  the  comparison,  the  mixture  of  pea 
and  dust  and  Cumberland  coal  takes  the  lead  as  the  cheapest 
fiiel,  and  the  Cumberland  follows  closely  upon  it.  These 
figures  show  that  at  prices  which  now  hold,  little  is  gained  by 
the  use  of  a  mixture  of  either  pea  and  dust  and  Cumberland  or 
of  pea  and  dust  and  culm.  Either  of  the  bituminous  coals  fired 
without  mixture  produces  nearly  as  good  results.  Considering 
the  fact  that  the  use  of  the  mixed  fuel  reduces  the  available 
power  of  the  boiler,  the  pure  coal  easily  has  the  advantage ;  no 
one  would  go  to  the  trouble  of  using  an  inferior  grade  of  coal, 
such  as  the  best  pea  and  dust  mixed  with  bituminous  coal  is, 
and  such  as  much  of  it  is  liable  to  be,  unless  by  so  doing 
a  material  reduction  in  cost  could  be  attained.  If  yard  screen- 
ings can  be  delivered  at  $2.75  per  ton,  and  if  it  secures  the  same 
result  as  pea  and  dust  coal,  the  total  cost  of  fuel  and  labor  when 
a  mixture  of  two  parts  screenings  and  one  part  Cumberland 
coal  is  used  amounts  to  $65.69  per  day,  and  this  sum  is  lower 
than  any  quantity  given  in  the  table. 

Pea  coal  comes  next  to  Cumberland  in  the  order  of  cheapness, 
and  then  the  anthracite  broken.  The  pea  coal  differs  but  a  trifle 
in  total  cost  from  that  of  Cumberland  coal. 

An  important  matter  relating  to  the  use  of  different  kinds  of 
coal  is  the  relative  amount  of  power  which  they  give  when 
fired  in  the  same  boiler.  Boiler  No.  9,  rated  at  54  horse- 
power (on  the  basis  of  12  square  feet  of  heating  surface),  gave 
60  horse-power  with  Cumberland  coal,  53.9  horse-power  with 
anthracite  broken,  and  38.5  horse-power  with  a  mixture  of  two 
parts  pen  and  dust  and  one  part  Cumberland,  the  damper  being 
wide  open  in  every  case.  Boiler  No.  18,  rated  at  74  horse- 
power with  |-inch  draught  suction,  gave  143.8   horse-power 
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with  Cumberland  coal,  105.5  horse-power  with  anthracite  egg, 
and  95.1  horse-power  with  a  mixture  of  equal  parts  of  screen- 
ings and  Cumberland  coal.  Boiler  No.  23,  rated  at  87  horse- 
power, gave  84  horse-power  with  anthracite  broken  coal, 
105.4  horse-power  with  Cumberland,  and  82.2  horse-power 
with  a  mixture  of  two  parts  screenings  and  one  part  Cumber- 
land. The  draught  was  0.28  inches.  Boiler  No.  28,  rated  at 
129  horse-power,  gave  192.3  horse-power  with  anthracite 
broken  coal,  draught  0.11  inches  ;  149.2  horse-power  with  pea 
coal,  draught  0.12  inches;  and  157.1  horse-power  with  44 
parts  pea  and  dust  and  37  parts  culm,  draught  0.28  inches. 
Vertical  boiler  No.  30,  rated  at  140  horse-power,  gave  94 
hoi-se-power  with  Cumberland  coal,  draught  0.07  inches; 
103.8  horse-power  with  anthracite  broken,  draught  0.05 
inches;  and  118.1  horse-power  with  two  parts  screenings  and 
one  part  Cumberland,  draught  0.32  inches.  Boiler  No.  63, 
rated  at  270  horse-power,  gave  196.1  horse-power  with  anthra- 
cite broken  coal,  draught  0.25  inches  ;  214.6  horse-power  with 
Cumberland  coal,  draught  0.20  inches;  and  204.8  horse-power 
with  6  parts  screenings  and  4  parts  Cumberland,  draught  0.31 
inches.  It  is  seen,  therefore,  that  as  regards  capacity,  Cum- 
berland coal  secures  the  largest  power  with  a  given  draught, 
and  pea  coal  or  mixtures  of  screenings  and  bituminous  coal 
the  least.  This  suggests  that  to  secure  the  same  capacity  from 
a  given  boiler  with  different  kinds  of  coal,  the  area  of  grate 
surface  must  be  varied  to  suit  the  varied  kinds  of  coal.  In  the 
case  of  boiler  No.  18,  for  example,  the  grate  would  have  been 
increased  in  the  proportion  of  95.1  to  143.8  when  the  mixed 
fuel  was  used,  in  order  to  bring  the  amount  of  power  developed 
up  to  that  obtained  with  Cumberland  coal.  • 

Among  the  tests  given  in  the  paper  are  a  few  made  with 
other  kinds  of  Aiel  than  those  upon  which  the  comparisons  are 
made. 

There  are  several  with  '*  chestnut  No.  2"  anthracite,  which 
corresponds  in  size  to  the  pea  grade.  The  evaporation  and 
the  cost  also  are  about  the  same  as  with  pea  coal. 

Two  tests  are  given  where  coal  from  the  neighborhood  of 
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Pittsburgh  was  used.  These  were  made  on  boilers  Nos.  61 
and  68,  and  the  conclusion  drawn  from  the  results  is,  that  this 
coal  under  favorable  circumstances,  gives  about  the  same  evap- 
oration per  pound  of  fuel  as  anthracite  broken  coal. 

From  the  indication  of  a  single  test,  made  on  boiler  No.  64, 
the  performance  of  Ohio  lump  coal  with  favorable  conditions 
appears  to  fall  about  5  per  cent,  below  the  economy  of  anthra- 
cite broken  coal. 

Two  tests  are  given  which  show  the  performance  of  coke, 
that  is,  the  refuse  coke  of  gas  retorts  used  in  the  manufacture 
of  illuminating  gas.  Test  No.  105,  made  with  coke  on  a  plain 
cylinder  boiler,  gave  8  per  cent,  less  evaporation  per  pound  of 
fiiel  than  anthracite  pea.  Test  No.  108,  made  with  coke  on  a 
horizontal  tubular  boiler,  gave  14.7  per  cent,  less  evaporation 
per  pound  of  fuel  than  a  high  grade  of  Cumberland  coal.  The 
cost  of  the  coke  was  $3.00  for  2,000  pounds. 

Three  tests  give  some  information  upon  the  use  of  petroleum 
for  fuel.  Test  No.  38,  made  with  petroleum,  under  some- 
what unfavorable  conditions,  gave  an  evaporation  of  11.96 
pounds  of  water  from  and  at  212  degrees  per  pound  of  petro- 
leum. Test  No.  124  with  '*  residuum"  of  petroleum  gave 
13.66  pounds.  A  test  with  Canadian  oil  gave  15.00  pounds. 
Suppose  the  last  figure  can  be  realized  in  good  practice.  At 
this  rate,  the  quantity  of  oil  required  to  produce  1,000  horse- 
power for  a  day's  run  of  ten  hours  (344,721  pounds  from  and 
at  212  degrees)  is  22,981  pounds,  or  3,536  gallons  (1  gallon 
=  6.5  pounds).  The  price  of  oil  per  gallon,  required  to  make 
the  cost  for  a  day's  run  equal  to  that  of,  say  Cumberland  coal, 
may  be  figured  from  Table  No.  8.  The  totals  cost  of  fiiel  and 
labor  liere  given  for  Cumberland  coal  (the  price  being  $4.56 
per  ton)  is  $72.88.  The  cost  of  labor  when  oil  is  used  is 
reduced  to,  say  one  man  at  $2.00  per  day  and  a  helper  at  $1.25, 
making  ii  total  of  $3.25.  Subtract  this  from  $72.88  and  there 
is  left  for  the  cost  of  fuel  $69.63,  which  is  1^^  cents  per 
gallon  of  petroleum,  or  98.5  cents  per  barrel  of  50  gallons. 
This  means,  in  round  numbers,  that  the  price  of  oil  must  be 
less  than  one  dollar  per  barrel,  delivered  at  the  boiler,  in  ordei 
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that  the  cost  of  fuel  and  labor  for  a  1,000  horse-power  plant 
shall  be  equal  to  that  which  obtains  when  Cumberland  coal  is 
used  at  $4.56  per  ton. 

If  the  economic  result  with  petroleum  goes  up  to  18  pounds, 
the  price  of  oil  per  barrel  to  equal  Cumberland  coal  on  this 
basis  is  $1.18  cents.  It  is  to  be  noted  that  these  figures  are 
based  upon  a  barrel  of  50  gallons.  If  the  barrel  is  taken  to  be 
42  gallons,  the  prices  become  82.7  cents  for  an  evaporation  of 
15  pounds,  and  99.1  cents  for  an  evaporation  of  18  pounds. 

5.     Miscellaneous. 

The  general  subject  of  boiler  economy  has  now  been  exam- 
ined, so  far  as  it  is  affected  first,  by  the  character  of  the  steam, 
that  is,  as  to  its  being  saturated  or  superheated ;  second,  by 
the  general  arrangement  of  the  heating  surface  and  the  condi- 
tions under  which  the  boiler  is  worked ;  third,  by  the  type  of 
the  boiler ;  and  fourth,  by  the  character  of  the  fuel  burned. 
These  may  be  regarded  as  the  more  noteworthy  divisions  of  the 
subject.  Incidental  matters  remain  to  be  taken  up,  and  these 
are  quite  as  interesting,  and  sometimes  almost  as  important,  as 
the  main  questions  thus  far  considered. 

Boiler  Setting. 

One  of  the  most  prominent  questions  of  an  incidental  nature 
connected  with  the  economy  of  boilers  is  that  of  the  effect  which 
the  form  of  the  setting  has,  in  cases  where  the  boiler  is  set  in 
brick-work.  The  tests  Aimish  no  pertinent  data  upon  the 
effect  of  one  feature  in  the  matter,  that  is,  the  general  shape  of 
the  setting.  In  horizontal  tubular  boilers,  for  example,  noth- 
ing is  given  to  show  what  distance  there  should  be  between 
the  grate  and  the  shell  and  between  the  top  of  the  bridge  wall 
and  the  shell.  There  is  nothing  to  show  in  what  manner  the 
bridge  wall  should  be  arranged,  whether  curved  upward  to  con- 
form to  the  curve  of  the  shell,  or  simply  left  flat,  and  whether 
the  front  of  the  wall  should  be  inclined  or  vertical ;  neither  is 
there  any  light  upon  the  question  of  filling  the  space  behind  the 
bridge  wall  or  leaving  it  open.     It  is  significant,  however,  that 
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the  highest  results  given  by  the  various  tests  are  in  some  cases 
obtained  with  one  form  of  setting  and  in  some  with  another 
form.  Boiler  No.  18,  which  gave  a  high  result  with  anthracite 
coal,  has  a  flat  bridge  wall  with  perpendicular  front,  and  the 
space  behind  the  bridge  is  partially  filled.  Boiler  No.  19, 
which  also  gave  a  high  result  with  anthracite  coal,  has  a  curved 
bridge  wall  with  vertical  front,  and  the  space  behind  is  filled  so 
as  to  conform  to  the  same  curve.  Boiler  No.  23  is  another 
case  in  point,  and  here  the  bridge  wall  is  flat  with  a  vertical 
front,  and  the  space  behind  is  filled  in  so  as  to  provide  an  in- 
clined bed  leading  down  to  a  deep  chamber  at  the  rear  end. 
Boiler  No.  62,  which  gave  a  good  result,  if  allowance  is  made 
for  the  high  temperature  of  the  gases,  has  a  flat  bridge  wall 
with  perpendicular  front,  and  the  space  behind  is  filled  to  an 
even  level  with  the  top.  Boilers  Nos.  24  and  27,  using  in- 
ferior grades  of  anthracite  coal,  showed  favorable  results,  and 
the  bridge  walls  are  flat  with  vertical  fronts  and  the  space  in 
the  rear  is  open  in  both  cases.  Passing  to  boilers  using  Cum- 
berland coal,  Nos.  55  and  56,  which  give  high  results,  both 
have  vertical  walls ;  No.  55  is  curved  at  the  top,  with  open 
space  behind,  and  No.  56  is  flat  with  open  space,  the  latter 
being  provided  with  a  second  wall  at  the  rear  end  of  the  boiler. 
It  would  appear  from  these  examples  that  the  general  form  of 
the  setting  in  respect  to  the  particulars  named  may  be  one 
thing  or  another,  and  the  boiler  still  give  the  highest  economy. 
This  furnishes  strong  ground  for  the  conclusion  that  the 
matter  is  of  little  impoi"tance,  and  that  the  plan  to  be  followed 
is  the  one  which  will  secure  the  simplest,  and  at  the  same  time 
the  most  convenient  arrangement. 

Although  the  tests  furnish  no  direct  and  positive  information 
upon  the  feature  relating  to  the  shape  of  the  setting,  they  give 
some  very  pointed  indications  regarding  another  feature  of  the 
matter,  viz.,  the  eflect  of  admitting  air  into  the  furnace  above 
the  fire.  Many  settings  are  arranged  with  a  view  to  this 
special  object.  A  current  of  air  in  a  finely  divided  state  is  in- 
troduced into  the  ftirnace  so  as  to  mingle  with  the  products  of 
combustion  as  they  emerge  from  the  burning  coal. 
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The  simplest  method  of  doing  this  is  to  conduct  the  air  di- 
rectly from  the  outside  to  the  interior  of  the  bridge  wall,  which 
is  made  hollow,  and  to  discharge  it  through  perforations  in  the 
top  covering  of  the  wall,  which  may  be  either  iron  or  brick. 
The  air  thus  supplied  mingles  with  the  lower  strata  of  burning 
gas  as  it  skims  over  the  bridge.  Boiler  No.  26  was  arranged  for 
an  air  supply  according  to  this  method,  and  tests  Nos.  59  to  64 
were  conducted  with  a  view  to  determining  the  effect  which  the 
admission  of  air  has  upon  the  economy  of  the  boiler,  three 
different  kinds  of  coal  being  used.  The  coals  were  Cumber- 
land, anthracite  broken  and  a  mixture  of  two  parts  pea  and 
dust  and  one  part  Cuml)erland.  The  air  was  supplied  through 
an  opening  having  an  area  of  38.5  square  inches,  which  is  1.4 
square  inches  for  one  square  foot  of  grate  surface.  When  Cum- 
berland coal  was  used  the  full  opening  of  this  area  was 
employed ;  when  either  anthracite  coal  or  the  mixture  was 
used  the  opening  was  contracted  to  about  one-half,  thus  pre- 
senting an  area  of  0.7  square  inches  for  one  square  foot  of 
.grate.  There  is  a  wide  difference  in  the  effect  of  admitting  air 
in  the  different  cases.  In  the  case  of  Cumberland  coal,  the 
evaporation  is  increased  5.9  per  cent,  per  pound  of  coal,  and 
6.2  per  cent,  per  pound  of  combustible ;  that  of  anthracite 
coal  is  decreased  one  per  cent,  per  pound  of  combustible  and  is 
about  the  same  per  pound  of  coal ;  that  of  the  mixed  fuel  is 
decreased  2  per  cent,  per  pound  of  coal  and  4.7  per  cent,  per 
pound  of  combustible.  The  effect  which  the  introduction  of 
air  had  upon  the  appearance  of  the  products  of  combustion,  as 
viewed  by  an  observer  at  the  ' '  peek  hole  "  back  of  the  bridge 
wall,  was  very  noticeable  in  every  case.  It  was  greatest,  to  be 
sure,  with  Cumberland  coal,  but  the  heightened  color  and  the 
increased  activitj^  of  the  flame  produced  by  the  entrance  of  aii 
was  plainly  to  be  seen  whichever  fuel  was  used. 

It  is  to  be  noted  that  an  apparent  benefit  was  realized  in  the 
case  of  both  the  anthracite  coal  and  the  mixed  fuel  when 
judged  by  the  improved  state  of  combustion  which  the  eye  be- 
held. In  reality,  however,  there  was  a  loss,  and  this  goes  to 
show  that  the  occular  method  of  judging  in  these  matters  is  lia- 
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ble  to  be  deceptive.  It  is  feared  that  parchasers  of  boiler 
appliances,  who  are  ignorant  of  these  facts,  have  often  been 
misled  by  the  ^*  peek  hole"  argument. 

In  these  tests  another  effect  was  produced  by  the  admission 
of  air.  The  quantity  and  density  of  the  smoke  issuing  from 
the  chimney  was  reduced.  This  was  most  marked  with  Cum- 
berland coal,  which  gave  the  most  smoke.  When  air  was  ex- 
cluded, smoke  was  visible  ^^  of  the  time;  when  air  was 
admitted,  the  smoke  was  Visible  -f^  of  the  time.  In  the  case 
of  the  mixed  iiiel  little  smoke  was  produced  in  either  case. 

A  second  method  of  admitting  air  which,  though  not  so  sim- 
ple, is  rather  more  effective  than  that  just  named,  is  the  one 
applied  to  boiler  No.  18.  Here  the  air  is  supplied  first  to  a 
pipe  laid  in  the  bridge  wall,  and  then  to  perforated  cast-iron 
globes  which  rest  upon  the  top  of  the  wall.  This  method  is 
rendered  more  effective  than  the  first  by  the  more  thorough 
mixture  which  it  secures  between  the  incoming  air  and  the 
burning  gases.  The  quantity  of  air  supplied  is  increased 
above  that  naturally  drawn  in  by  means  of  a  jet  of  steam.  The 
steam  thus  supplied  mingles  with  the  air«  In  this  case  the 
effect  of  admitting  air  above  the  fuel,  when  Cumberland  coal 
was  burned,  was  to  increase  the  evaporation  per  pound  of  coal 
8.4  per  cent.,  and  per  pound  of  combustible  8  per  cent.  It 
may  be  added  that  a  test  made  with  Lehigh  coal,  not  recorded, 
showed  that  with  this  fuel  the  admission  of  air  was  attended  by 
an  increase  of  evaporation  of  1.9  per  cent,  per  pound  of  coal 
and  3.7  per  cent,  per  pound  of  combustible. 

A  third  method  of  admitting  air,  which  is  more  efficient  than 
either  of  the  first  two,  is  that  supplied  to  boiler  No.  74.  It 
consists  in  supplying  one  current  of  air  through  the  bridge  wall 
by  means  of  perforations  in  the  rear  face  of  -the  wall  near  the 
top,  and  another  cun-ent  of  air  through  a  secondary  wall  placed 
a  short  distance  to  the  rear  of  the  bridge  wall,  and  elevated  so 
as  to  close  up  the  passage  between  it  and  the  shell  of  the  boiler, 
and  make  the  products  of  combustion  descend  and  pass  beneath 
it.  The  second  current  of  air  discharges  through  perforations 
in  the  front  face  of  the  banging  wall.     By  these  provisions  the 
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entering  air  is  thoroughly  diflused  through  the  whole  volume  of 
burning  gas.  The  only  test  made  on  this  boiler  was  with  the 
air  admitted,  and  there  is  consequently  no  positive  information 
as  to  the  economy  of  this  method.  There  is  indirect  evidence, 
however,  pointing  to  its  superiority,  in  the  fact  that  the  result 
of  the  test  was  most  excellent,  being  12.47  pounds  of  water 
from  and  at  212  degrees  per  pound  of  combustible,  and  this  is 
the  highest  given  in  the  paper  for  horizontal  tubular  boilers. 

A  fourth  method  consists  in  first  passing  the  air  back  and 
forth  through  passages  running  lengthwise  of  the  walls  of  the 
setting  and  then  discharging  it  through  perforations,  part  of 
which  are  located  on  the  top  of  the  bridge  wall  and  part  on  the 
two  sides  of  the  furnace.  The  object  sought  is  to  supply  the 
air  in  a  somewhat  heated  condition.  Several  tests  are  given 
which  show  the  effect  of  this  method.  Tests  Nos.  20  and  21 
were  made  for  this  purpose.  A  mixture  of  two  parts  pea  and 
dust  and  one  pait  Nova  Scotia  culm  was  used,  and  in  one  test 
air  was  supplied  through  the  registers  in  the  fire-doors,  and  in 
theC  other  through  the  passages  in  the  walls.  The  use  of  the 
air  passages  secured  an  increased  evaporation  of  2  per  cent, 
per  pound  of  coal,  while  the  result,  when  figured  on  com- 
bustible, was  the  same  in  both  cases.  Vertical  boiler  No.  29 
is  provided  with  air  passages  running  up  and  down  in  the  cir- 
cular wall  of  the  setting,  and  discharging  at  numerous  points 
over  the  fire,  through  perforations.  Test  No.  71,  made  on  this 
boiler  with  air  admitted,  gave  4.3  per  cent,  less  evaporation 
per  pound  of  coal  and  2.3  per  cent,  less  per  pound  of  com- 
bustible than  test  No.  72,  made  with  air  excluded.  The  fuel 
was  a  mixture  of  two  parts  anthracite  screenings  and  one  part 
Cumberland  coal.  Boiler  No.  36,  in  which  air  was  admitted 
in  accordance  with  this  method,  compared  with  an  exactly  sim- 
ilar boiler  (No.  37)  in  which  air  was  not  admitted,  fired  with 
a  mixture  of  three  parts  pea  and  dust  and  one  part  Cumberland 
coal,  gave  4.5  per  cent,  less  evaporation  per  pound  of  coal  and 
4.7  per  cent,  less  per  pound  of  combustible.  Boiler  No.  50, 
with  air  admitted  and  fired  with  Nova  Scotia  coal,  gave  1  per 
cent,  higher  evaporation  per  pound  of  coal  and  1.5  per  cent. 
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higher  evaporation  per  pound  of  combustible  than  boiler  No.  49, 
which  was  precisely  similar,  except  that  no  provisions  were  made 
for  admitting  air  through  the  walls.  In  both  cases  the  registen 
in  the  fire-doors  were  open.  These  presented  an  open  area  of  22 
square  inches,  or  one-fourth  of  one  square  inch  for  one  square 
foot  of  grate  surface.  The  openings  to  the  passages  in  the 
walls  presented  an  area  of  32  square  inches,  or  about  four-tenths 
of  one  square  inch  for  one  square  foot  of  grate.  This  propor- 
tion is  only  about  one-fourth  of  that  provided  in  the  case  first 
noticed  (boiler  No.  26),  where  the  admission  of  air  to  Cumber- 
land coal  gave  about  H  per  cent,  advantage. 

The  conclusion  drawn  from  these  examples  is  that  a  consid- 
erable advantage  attends  the  admission  of  air  above  the  fuel 
when  bituminous  coal  is  employed,  the  amount  of  gain  depend- 
ing somewhat  upon  the  method  employed.  There  is  no  ad- 
vantage in  the  system  when  mixtures  of  anthracite  screenings 
and  bituminous  coal  are  used,  if  carried  out  according  to  either 
the  first  or  fouith  methods ;  and  finally  little  or  no  benefit  is 
derived  when  anthracite  coal  is  burned. 

Another  question  of  an  incidental  nature  connected  with  the 
general  subject  of  boiler  economy,  is  that  of  the  economy  pro- 
duced by  the  employment  of  a  feed-water  heater  in  the  flue, 
and  the  tests  show  that  this  may  be  of  considerable  importance. 
That  the  use  of  a  flue  heater,  in  connection  with  a  boiler  hav- 
ing too  little  heating  surface,  and  sending  a  high  degree  ol 
waste  heat  into  the  chimney,  is  productive  of  economy,  no  one 
can  have  good  reason  to  doubt,  and  this  is  clearly  shown  by 
the  results  of  tests  Nos.  112  and  113,  which  are  cases  in  point, 
where  a  temperature  of  G18  degrees  existed,  and  the  heater 
added  29  per  cent,  to  the  evaporation  per  pound  of  coal.  The 
special  interest  in  the  question  is  not  in  cases  like  this,  where 
the  Waste  heat  was  due  to  defects  in  the  design  and  operation 
of  the  boiler,  but  rather  in  cases  of  reasonably  good  practice, 
where  the  temperature  of  the  flue  is  not  what  may  be  regarded 
as  excessive.  There  are  a  number  of  such  cases  given,  and  the 
general  results  produced  arc  repeated  in  Table  No.  9. 
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Table  No.  9.  —  Testa  with  Flue  Heaters, 


1. 

Z^mnber  of  boiler,  .... 

41 

67 

69 

60 

1 

^Area    of     heating     surface, 

boiler,  .        .        .        .        sq.ft. 

6,692 

3,126 

4,068 

1,894 

3. 

.^rea    of    heating     surface. 

heater,  .                .               sq.ft. 

i,280 

1,600 

1,920 

1,600 

4. 

'H'emperature  of  gases  leav- 

V 

ing  boiler,    ....  deg. 

403 

436 

861 

376 

6. 

temperature  of  gases  leav- 

ing heater,    ....  deg. 

299 

279 

254 

231 

6. 

^Temperature   of    feed-water 

entering  heater,    .               .  deg. 

111 

84 

79 

95 

7^ 

'H'emperature   of    feed-water 

entering  boiler,    .               .  deg. 
Xicreasea    evaporation    pro- 

169 

196 

146 

175 

8- 

duced  by  heater,  .                •      % 

9.3 

12.8 

7 

10.6 

The  average  results  of  these  four  trials  show  that  the  use  of 
^     flue  heater  having  44  per  cent,  as  much  heating  surface  as 
^^H,t  of  the  boiler,  applied  where  the  temperature  of  the  escap- 
^^^^S   gases  is  394  degrees  and  the  initial  temperature  of  the 
fe^d-water  92  degrees,  increases  the  evaporation  per  pound  of 
^^^a.1  9.9  per  cent.     The  important  question  which   arises  is, 
does  this  amount  of  gain  pay  for  the  addition  to  the  plant  in- 
volved by  the  employment  of  this  apparatus  ?     Let  us  refer  the 
**totter  to  a  plant  of  1,000  horse-power,  and  use  for  a  calculation 
^^   cost  of  Cumberland  coal  required  for  a  day's  run  of  10 
*^our8,  given  in  Table  No.   8,  which  is  $63.38.     The  saving 
pix>duced  by  the  flue  heater  is  $5.71  per  day,^and  this  amount 
^^presents  for  a  year  of  308  days  a  total  saving  of  $1,759. 
-*^e  cost  of  a  heater  with  complete  equipment  of  setting  and 
appurtenances,  having  a  surface  of  say  5,000  square  feet,  which 
^^rresponds  to  the  instances  referred  to,  is  $7,000  to  $8,000. 
•*-^e  economy  secured  is,  therefore,  sufficient  to  pay  a  yearly 
^turn  of  from  20  per  cent,  to  25  per  cent,  on  the  additional 
^Vestment,  which  is  certainly  of  some  importance. 

It  must  be  borne  in  mind  that  this  result  applies  only  to  a 
^^'^se  where  the  temperature  of  the  water  supplied  to  the  heater 
^  comparatively  low,  corresponding  to  that  of  the  overflow 
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water  of  a  condensiiig  engine.  On  the  other  hand,  it  is  a  case 
where  the  temperature  of  the  flue  is  not  &t  fix>m  that  laid  down 
in  another  part  of  the  paper  for  boilers  giving  most  economical 
results,  and  it  is  seen  firom  the  many  instances  recorded  that 
the  exigencies  of  boiler  work  often  bring  about  a  much  higher 
flue  temperature.  The  flue  heater  thus  has  a  use  Ail  place,  not 
only  in  a  few  instances  but  in  a  large  majority  of  boiler  plants 
where  the  water  is  supplied  in  a  comparatively  cold  state.  In 
the  cases  given,  there  is  a  reduction  of  128  degrees  in  the  tem- 
perature of  the  gases,  and  an  increase  of  79  degrees  in  the 
temperature  of  the  water.  Each  one  per  cent,  added  to  the 
evaporation  corresponds  to  a  reduction  of  about  13  degrees  in 
the  temperature  of  the  escaping  gases. 

It  is  important  to  note  the  efiect  which  the  use  of  the  heater 
has  upon  the  draught.  The  amount  of  draught  suction  which 
existed  in  some  of  the  above  examples  and  in  one  additional  ex- 
ample, together  with  information  regarding  quantity  of  coal 
burned  and  other  matters  bearing  on  the  question,  is  given  in 
Table  No.  10. 

The  efiect  of  a  reduced  temperature  of  the  escaping  gases, 
which  always  accompanies  the  employment  of  the  heater,  is 
seen  in  every  one  of  these  instances,  to  reduce  the  draught 
power  of  the  chimney.  In  boiler  No.  58  the  temperature  is  re- 
duced from  645  degrees  to  365  degrees,  and  the  draught  fix>m 
^^  of  an  inch  to  -^^  of  an  inch,  or  22  per  cent.  This  is  with 
an  80-foot  chimney.  In  the  last  case  a  reduction  of  temperature 
from  575  degrees  to  373  degrees  is  accompanied  by  a  reduction 
of  draught  from  ^^^j  of  an  inch  to  ^^j^  of  an  inch,  or  29  per  cent. 
This  is  with  a  140-foot  chimney.  Although  the  general  eflfect  of 
the  flue  beater  in  this  respect  is  unfavorable,  a  larger  amount  of 
draught  is  required  to  opferate  the  boiler  in  every  instance  where 
the  average  draught  is  given,  when  the  heater  is  thrown  out  of 
use.  This  is  not  due  to  any  peculiar  action  of  the  heater  but 
evidently  to  the  increased  quantity  of  coal  which  must  be 
burned  in  order  to  make  up  for  its  absence.  It  may  be  con- 
cluded that  a  plant  of  boilers  working  to  the  full  capacity  of  the 
chimney  without  a  heater  will  have  no  difliculty  working  with 
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a  heater,  in  producing  the  same  amoont  of  steam,  unless  the 
temperature  of  the  gases  is  excessive.  K  the  temperature  is 
excessive  and  the  full  capacity  of  the  chinmey  is  required,  there 
is  some  doubt  whether  a  heater  could  successfully  be  used. 

The  quantities  given  in  Table  No.  10  show  the  draught  power 
of  chimneys  of  different  heights,  supplied  with  gas  of  various 
temperatures.  In  this  connection  it  may  be  added  that  the 
draught  of  another  chimney  having  a  height  of  230  feet,  sup- 
plied with  gas  at  a  temperature  of  500  degrees,  amounted  to 
1.6  inches.  This  and  all  the  observations  referred  towers  made 
in  cold  weather. 

The  information  which  the  tests  give  upon  the  remaining  sub- 
jects to  which  they  refer  is  of  a  somewhat  meagre  character. 
Though  in  some  cases  it  may  be  for  this  reason  of  little  impor- 
tance, it  deserves  a  brief  notice. 

The  effect  of  changing  the  proportions  of  air  space  in  the 
grates  is  shown  by  the  tests  on  boiler  No.  21.  With  anthra- 
cite Lehigh  coal,  of  which  8.7  pounds  were  consumed  per  square 
foot  of  grate  per  hour,  the  grates  having  50  per  cent,  air  space 
produced  about  2  per  cent,  more  evaporation  per  pound  of  com- 
bustible than  those  having  60  per  cent  air  space.  With  about 
one-half  as  much  coal  burned  in  a  given  time  the  gain  was  8 
per  cent,  in  favor  of  the  smaller  air  space.  The  results  of  re- 
peated tests  corroborated  these  figures.  The  reason  for  this 
action  does  not  at  first  sight  appear  to  be  plain.  Considering, 
however,  that  whatever  air  passes  through  the  grate,  beyond 
that  needed  for  chemically  perfect  combustion,  produces  a  loss 
of  economy,  and  that  an  excess  of  air  to  a  greater  or  less 
extent  always  attends  combustion,  the  effect  may  be  explained 
on  the  ground  that  the  reduced  amount  of  opening  in  the  grates 
tends  to  cut  off  this  source  of  waste.  The  effect  appears  to  be 
greatest  when  the  rate  of  combustion  is  low.  In  the  case 
mentioned  the  rate  was  much  below  that  required  to  work  the 
boiler  to  its  nominal  capacity.  The  effect  is  small  at  the  higher 
rate  and  the  conclusion  may  be  drawn  that  it  is  only  under 
special  conditions  of  work  that  the  matter  is  of  much  impor- 
tance. 
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The  tests  on  boiler  No.  19  furnish  a  case  of  economy  pro- 
duced by  automatic  regulation  of  the  draught  over  hand 
regulation.  The  automatic  regulation  secured  an  increased 
evaporation  amounting  to  3.7  per  cent.  The  hand  regulation 
consisted  in  alternately  opening  the  damper  wide  and  changing 
it  to  a  nearly  closed  position,  so  as  to  secure  regular  variations 
of  pressure  over  a  uniform  range.  These  tests  ^how  the  ten- 
dency to  loss  produced  by  an  unsteady  draught.  They  do  not 
show,  however,  what  may  happen  in  the  ordinary  work  of 
operating  boilers.  In  the  case  given,  the  firing  was  good  for 
both  methods  of  regulation.  In  ordinary  work  variations  occur 
not  only  in  this  important  matter  but  in  other  respects,  and  the 
economy  of  automatic  regulation  may  be  greater  or  even  less 
than  that  obtained  in  the  special  case  cited.  Owing  to  the  im- 
portant part  which  the  personal  element  of  the  fireman  plays 
there  must  be  a  large  difference  in  the  result  produced  in  differ- 
ent cases,  and  the  tests  on  some  large  plants,  referred  to  in  the 
memoranda  relating  to  boiler  No.  19,  one  of  which  gave  a  re- 
sult fiivoring  automatic  regulation,  and  the  other  favoring  hand 
regulation,  show  this  to  be  true. 

The  use  of  an  artificial  draught,  made  by  a  fan  supplying 
warm  air  to  the  ash-pit  of  boiler  No.  17,  produced  a  result 
which  was  not  materially  different  from  that  obtained  with  a 
natural  supply  of  unheated  air.  The  fuel  was  a  mixture  of 
anthracite  screenings  and  Cumberland  coal.  There  was  the 
slight  gain  of  2  per  cent,  figured  on  the  weight  of  coal  used, 
and  less  than  1  per  cent,  figured  on  combustible. 

The  addition  of  heating  surface  to  boiler  No.  4,  by  intro- 
ducing pipes  beneath  the  shell  through  which  the  feed-water 
passes  before  it  enters  the  boiler,  seemed  to  increase  the  evapo- 
ration per  pound  of  coal  3.5  per  cent.  This  gain  does  not 
count  for  much,  because  at  the  time  when  the  pipes  were  intro- 
duced, other  changes  in  the  line  of  improvement  were  made, 
and  this  percentage  simply  represents  the  collective  result.  It 
is  noted  in  these  tests  that  the  temperature  of  the  escaping 
gases  is  low,  being  in  the  first  test  only  355  degrees.  Little 
benefit  can  be  expected  from  an  increase  of  furnace  surface  in  a 
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case  like  this,  where  there  is  an  indication,  in  the  small  amount 
of  waste  heat,  that  the  heating  sorfaoe  already  provided  ab- 
sorbs about  all  the  heat  that  can  be  given  up  to  the  boiler 

The  tests  on  boiler  No.  8  furnish  an  instance  where  the  wet- 
ting of  Cumberland  bituminous  coal  secured  an  appreciable 
advantage.  By  adding  5  per  cent,  of  its  weight  of  water,  the 
evaporation,  based  on  the  dry  weight,  was  increased  3  per  cent. 

According  to  the  result  of  tests  Nos.  130  and  131,  the  loss 
produced  by  banking  a  Cumberland  coal  fire  was  about  2  per 
cent. 

The  prevention  of  smoke  was  attained  in  an  almost  complete 
manner  in  the  case  of  boiler  No.  53,  burning  Cumberland 
bituminous  coal,  by  the  use  of  a  sufficient  quantity  of  air  above 
the  fuel  and  of  superheated  steam  below  the  grate.  The  gen- 
eral economic  result  was,  however,  inferior  to  that  obtained  by 
boilers  in  which  the  smoke  is  not  suppressed. 

The  indication  of  the  calorimeter  trials  made  in  connection 
with  the  tests,  so  far  as  they  have  been  conducted,  is  that  the 
steam  produced  by  boilers  which  do  not  superheat  is  in  nearly 
a  drj'  state.  Horizontal  tubular  boilers  Nos.  4,  6,  16,  18,  56, 
62,  63  and  68  gave  steam  containing  respectively  0.6,  0.5,  0.3, 
0  3,  2.2,  0.7,  0.5  and  0.2  per  cent,  of  moisture,  the  average 
\yc\ng  0.7  per  cent.  Water-tube  boilers  Nos.  35,  57,  65,  71, 
76  and  77  gave  respectively  0.6,  1.3,  1.6,  0.4,  0.5  and  0.7  per 
cent.,  averaging  0.7  per  cent.  The  Galloway  boiler  No.  70 
gave  7  per  cent.,  and  the  single  lx)iler  which  was  tested  gave 
dry  steam. 

The  remaining  tests  would  be  of  greater  value  if  the  quality 
of  the  steam  had  been  obtained.  It  is  not  unreasonable  to 
apply  the  general  results  of  a  number  of  calorimeter  tests  on  a 
given  type  of  boiler  to  one  of  the  same  type  where  the  quality 
of  the  steam  is  not  known,  but  it  is  somewhat  unsatisfactory 
when  it  is  seen  that  boilers  of  one  type,  the  horizontal  type  for 
example;  give  percentages  of  moisture  varying  from  0.2  to  2.2 
per  cent.  The  question  naturally  arises  in  a  case  where  a  high 
evaporation  is  produced,  whether  it  is  not  due  in  a  measure  to 
the  wet  quality  of  the  steam.     This  is  quite  a  proper  question 
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to  raise,  and  one  which  cannot  be  definitely  answered  unless  a 
calorimeter  trial  is  made.  In  the  absence  of  such  a  trial  there 
are  some  external  evidences  which  throw  light  upon  the  subject. 
If  the  steam  is  wet  and  it  is  used  in  an  engine,  the  observant 
engine  driver  will  be  aware  of  the  fact  by  the  unusual  presence 
of  water  in  the  cylinder.  The  steam  which  escapes  from  the 
indicator  cock,  when  it  is  opened,  will  show  an  excessive 
amount  of  moisture.  The  water  which  is  discharged  by  leak- 
ing flange  joints,  or  by  the  leaking  stuffing  box  of  a  valve  in 
the  steam-pipe,  will  clearly  point  to  wet  steam.  The  moisture 
will  be  seen  at  the  vent  of  the  safety  valve  if  notice  is  taken  of 
the  escaping  steam  when  the  valve  is  opened.  These  indica- 
tions can  safely  be  credited  when  there  is  more  than  3  per  cent, 
of  moisture.  In  regard  to  the  application  of  this  matter  to  the 
tests  given  in  the  paper,  it  may  be  said  that  there  were  none  of 
these  external  evidences  of  wet  steam  in  any  case  where  the 
calorimeter  trial  was  not  made. 

Little  has  been  said  here  upon  the  subject  of  imperfect  com- 
bustion.    It  has  been  incidentally  mentioned  in  the  treatment 
of  boiler  settings,  where  the  ejffect  of  a  supply  of  air  above  the 
fuel  is  considered.     That  imperfect  combustion  is  a  factor  in 
the  burning  of  bituminous  coal,  the  results  produced  by  the 
admission  or  exclusion  of  air  clearly  prove.     That  it  is  also  a 
factor  in  the  burning  of  other  kinds  of  coal,  no  one  will  ques- 
tion.    How  far  it  has   operated  to  aflect  the  results  of  the 
various  tests  is  a  matter  about  which  the  reader  must  form  his 
own  opinion.     The  feeling  of  the  writer  is  that  imperfect  com- 
bustion, which  doubtless  existed  to  a  greater  or  less  extent  in 
all  cases,  is  not  sufficient  to  change  the  general  conclusions  thus 
far  set  forth.     It  is  highly  probable  that  a  full  knowledge  of 
the  character  of  the  combustion  in  each  case  would  have  fur- 
nished a  reason  for  a  few  individual  results  which,  in  the  light 
of  the  data  at  hand,  appear  somewhat  obscure.     Doubtless  a 
knowledge  of  the  quality  of  the  various  fuels,  as  determined 
by  chemical  analysis,  would  also  have  been  usefiil  for  the  same 
end.     The  determination  of  these  questions  is  the  work  of  the 
chemist.     It  involves  labor  and  expense  which  few  care  to  un- 
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dertake,  and  on  this  aooount  it  is  oatside  the  province  of  tests 
of  limited  scope,  like  those  treated  of  in  the  paper. 

In  conclusion,  it  shoald  be  stated  that  the  varioas  boilers  and 
appliances  to  which  the  paper  refers  are  not  designated  by  their 
commercial  names,  and  no  mention  is  made  of  the  locality 
where  they  are  in  ose.  The  desire  to  give  prominence  to  prin- 
ciples rather  than  to  individual  methods  of  carrying  out  the 
principles,  and  to  remove  fix>m  the  discussion  all  matters  bear* 
ing  upon  purposes  of  trade,  has  led  to  this  course.  Further- 
more, it  was  on  condition  that  the  tests  should  be  treated  in 
this  impersonal  way  that  the  interested  parties,  with  a  single 
exception,  granted  permission  for  the  public  use  of  the  results. 
The  exception  is  the  case  of  the  tests  on  boilers  Nos.  32,  35, 
38,  75  and  76,  which  are  of  the  Babcock  and  Wilcox  type. 
These  are  given  with  the  permission  of  the  manufiacturers  of 
the  boilers,  on  behalf  of  whom  the  tests  were  made. 


V 
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Boiler  No.  1. 

Kind  of  boiler, Cast-iron  sectional. 

Number  in  use, One. 

Horse-power  (basis  12  square  feet),    ....  Thirty-seven. 

Kind  of  coal, Anthracite  broken. 

Age, Ten  years. 

Dimensions, 

Number  of  sections  5X76, 380 

Area  of  total  heating  surface, 443       sq.  ft 

Area  of  grate  surface, 16.29  sq.  ft. 

Area  through  flue, .97  sq.  ft 

Ratio  total  heating  surface  to  grate  surface,         .  .        27.2  to  1 

Batio  grate  to  flue, 16.8  to  1 

Chimney  height, 100     ft. 

Test  No.  1.       Test  No.  9. 

Area  water-heating  surface,  square  feet,  321*  221 

Area  steam-heating  surface,  square  feet,     .        .  122  222 

Ratio  water-heating  surface  to  grate,  ....  19.7  to  1     13.6  to  1 

t 

Results  of  Tests. 


Duration, hrs. 

Coal  consumed, lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Goal  per  hour, lbs. 

Coal  per  hour  per  square  foot  grate, .        .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  water- 
heating  surface, lbs. 

Horse-power  developed,  H.  P. 

BoUer  pressure, lbs. 

Temperature  feed-water,    ....  deg. 

Temnerature  escaping  flue  gases,  .  deg. 

NumDer  degrees  superheating,  .        .        .  deg. 

Water  per  pound  coal,        ....  lbs. 

Water  per  pound  coid  from  and  at  212 
degrees, lbs. 

Water  per  pound  combustible  from  and  at 
212  degrees, lbs. 


Tett  No.  9. 


11 

1,679 
10 
12,434 
143.5 
8.9 
1,130.4 

6.1 
36.6 
28.3 
117 
640 
153 
7.87 


8.79 
9.78 
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These  tests  commenced  with  a  fire  which  had  been  banked 
thirteen  hours  before,  and  ended  twenty-four  hours  afterwards 
with  the  fire  in  practically  the  same  condition  as  at  the  start. 
The  special  object  of  the  tests  was  to  show  the  performance  of 
the  boiler  when  low  water  was  carried,  so  as  to  increase  the 
amount  by  which  the  steam  was  superheated.  The  increase  in 
superheating,  which  was  128  degrees,  seems  to  have  had  little 
effect  upon  the  evaporative  performance. 


Boiler  No.  2. 

XT'  J    <  u  -1  _  S  One  horizontal  return  tubular. 

Kind  of  boilers, ^  r^«    u    .      *.  i  j.      *  *^u  i 

i  One  horizontal  direct  tubular. 

Number  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft),  .  One  hundred  and  seven. 

Kind  of  coal, Anthracite, Hazelton,Chestiuit 

Age, Fifteen  years. 

Dimensions, 


Retam  Tabular. 


Direct  TnbalAT. 


Diameter  each  shell, in. 

Length  between  heads  and  length  of  tubes,  ft 
Number  tubes  3  inches  outside  diameter,  . 
Length  combustion  chamber,  .  .  .in. 
Area  of  water-heating  surface,  .  .  sq.  ft. 
Area  of  steam-heating  surface,*.  .  sq.  ft. 
Area  of  grate  surface,  .  .  .  sq.  ft. 
Area  through  tubes,  .  .  .  sq.  ft. 
Width  of  air  spaces  and  metal  bars  in  ^ 
grates, in.  / 


Distance  grate  to  shell. 

Distance  bridge  wall  to  shell,    . 

Kind  of  brick  setting, 

Ratio  water-heating  surface  to  grate, 

Ratio  grate  to  tube  area,     .  '     . 


m 
in 


48 
16 

48 

669 
60 
19.9 
1.98 
Air  3-8 
Metal  5-8 
18 
7 
Common. 
33.7  to  1 
10     tol 


48 
14 
45 
38 
586 
43 
21.2 
1.86 
Air  3-8 
Metal  5-8 
17 

Common. 
27.7  to  1 
11.4  to  1 


*  This  sarface  in  the  case  of  the  retnm  tubular  boiler  consisted  of  cast-iron  pipes  laid 
transversely  under  the  boiler,  l)ehind  the  bridge  wall,  and  through  these  pipes  the  steam 
from  ix>th  lx)iler8  was  conducted  on  test  No.  3.  These  pipes  were  not  in  use  on  test 
No  4.  In  the  case  of  the  direct  tutmlar  boiler,  the  steam-heating  surface  consisted  of 
the  upper  sarface  of  the  shell  which  was  in  part  exposed  to  the  heat  of  the  escaping 
gases.    This  sarface  was  probably  Inefficient,  as  it  had  not  been  cleaned  for  a  long  time. 
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Results  of  Tests, 


Test  No.  8. 


Tett  No.  4. 


Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal  consumed  (including  wood  for  start- 
ing),          lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  grate, .        .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  water- 
heating  surface, lbs. 

Horse-power  developed,     .  H.  P. 

Boiler  pressure, lbs. 

Temperature  feed-water,    ....  deg. 

Temperature  escaping  gases,  .  deg. 

Degrees  superheating,        ,        .        .        .  deg. 

Water  per  pound  coS,        .  ...  lbs. 

Water  per  pound  coal  from  and  at  212 
degrees, lbs. 

Water  per  pound  combustible  from  and  at 
212  degrees, lbs. 


Ordinary. 

10 

3,163 

15.6 

26,187 

316.3 

7.7 

2,618.7 

2.09 
79.4 
73 
200 
360 
66 
8.28 

8.66 

10.26 


Ordinary. 
9.67 

3,374 

29,662 
349 
8.6 
3,067.1 

2.44 
92.7 
71.6 
200 
367 
None. 
8.76 

9.16 

10.86 


A  comparison  of  tests  Nos.  3  and  4  shows  the  cost  of  super- 
heating steam  when  the  heat  is  derived  from  surface  exposed 
to  the  products  of  combustion  at  the  time  when  these  are  first 
discharged  from  the  furnace.  The  loss  in  evaporative  efficiency 
here  was  about  5.5  per  cent.,  and  number  of  degrees  of  super- 
heating obtained  66. 

In  the  same  series  of  tests  to  which  these  belong,  the  ejQTect 
of  placing  an  auxiliary  furnace  beneath  the  superheating  pipes, 
using  coal  at  the  rate  of  4  pounds  per  square  foot  per  hour  on 
a  grate  having  7  square  feet  of  surface,  was  to  secure  a  super- 
heating of  134  degrees,  attended  by  a  reduction  of  9.2  per 
cent,  in  the  evaporative  efficiency.  In  another  experiment  on 
the  same  plant  a  superheating  of  163  degrees  was  attended  by 
a  reduction  of  10.2  per  cent,  in  the  evaporation  per  pound  of 
total  fuel  used. 

The  same  superheating  pipes,  placed  over  an   independent 
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famace  and  snrmoanted  by  a  heater  made  of  small  pipes,  pre- 
senting an  aggregate  of  60  square  feet  of  surface ,  were  attached 
to  a  single  80  horse-power  boiler  of  the  horizontal  tubular 
type,  some  75  feet  distant.  A  test  on  these,  during  which  all 
the  steam  generated  by  the  boiler  passed  through  the  super- 
heater, showed  that  473  pounds  of  anthracite  coal  were  required 
to  supeiheat  23,609  pounds  of  steam  made  by  the  consumption 
of  2,657  pounds  of  coal,  the  number  of  degrees  of  super- 
heating being  228.  The  rate  of  combustion  in  the  boiler 
furnace  was  6.3  pounds  per  square  foot  of  grate  per  hour, 
and  in  the  superiieater  4.8  pounds.  The  evaporation  of  the 
boiler  per  pound  of  combustible  fix>m  and  at  212  degrees  was 
10.95  pounds;  temperature  of  feed- water,  215  degrees;  tem- 
perature of  gases,  290  degrees ;  temperature  of  gases  leaving 
superheater,  394  degrees.  In  this  case  a  superheating  of  228 
degrees  required  the  consumption  of  an  additional  17.8  per 
cent,  of  coal  in  the  independent  furnace. 

The  quantity  of  coal  required  for  superheating,  in  all  these 
cases,  is  greater  than  that  which  would  be  expected  if  account 
be  taken  simply  of  the  additional  heat  of  the  steam.  The  dif- 
ference, however,  is  not  more  than  can  fairly  be  attributed  to  a 
slightly  moist  condition  of  the  steam  generated  by  the  boiler 
and  to  loss  of  heat  produced  by  radiation  from  the  pipe  leading 
from  the  boiler  to  the  superheater,  and  by  radiation  from  the 
superheater  itself. 

The  general  results  of  these  tests,  considering  the  kind  of 
coal  burned,  are  favorable. 

Boiler  No.  3. 

Kind  of  boiler, «  Double-deck,"  hor.  ret.  tub. 

Number  used, One. 

Horse-power  (basis  15  square  feet),     .  Eighty-five. 

Kind  of  coal, Bituminous,  Cumberland. 

-Age. One  month. 

Dimensions. 

Diameter  of  lower  shell, 64  in. 

Diameter  of  upper  shell, 32  in. 

Length  of  shells  and  tubes, 12  ft 
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Number  of  tubes  (8  inches  diameter),         ....  118 

Area  of  water-heating  surface, 1,221     sq.  ft. 

Area  of  steam-heating  surface, 60     sq.  ft. 

Area  of  grate  surface, 20     sq.  ft. 

Area  through  tubes, 4.9  sq.  ft. 

Ratio  water-heating  surface  to  grate, 61     to  1 

Ratio  steam-heating  surface  to  grate, 3     to  1 

Ratio  grate  to  tube  area, 4.1  to  1 

Kind  of  brick  setting, Common. 

Results  of  Tests. 

Test  No.  6. 

Manner  of  start  and  stop, Running. 

Kind  of  run, Continuous. 

Duration, 12       hrs. 

Coal  consumed, 1,912       lbs. 

Percentage  of  ash, 7       % 

Water  evaporated, 19,991       lbs. 

Coal  per  hour,^ 159.3    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  7.96  lbs. 

Water  per  hour, 1,665.9    lbs. 

Water  per  hour  per  square  foot  of  water-heating  siurface,  .  1.36  lbs. 

Horse-power  developed, 50.4    H.  P. 

Boiler  pressure, 81       lbs. 

Temperature  of  feed-water, 197       deg. 

Temperature  of  escaping  gases, 322       deg. 

Percentage  of  moisture  in  steam, 0.5    % 

Water  per  pound  of  coal, 10.45  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  10.98  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  11.81  lbs. 

The  principal  feature  of  boiler  No.  3  is  the  large  extent  of 
heating  surface  in  proportion  to  grate  surface.  It  is  secured 
by  filling  the  lower  shell  completely  full  of  tubes  and  providing 
a  shell  above  it  to  which  it  is  attached  by  necks.  The  water 
in  the  upper  shell  is  carried  at  about  the  middle  point.  The 
course  of  the  products  of  combustion  is  similar  to  that  followed 
in  the  ordinary  form  of  horizontal  tubular  boiler.  The  brick 
setting  is  arched  over  the  top,  leaving  the  whole  of  the  upper 
shell  exposed  to  the  heat  of  the  escaping  gases,  thus  providing 
a  small  amount  of  steam-heating  surface.  The  tube  opening, 
compared  with  area  of  grate,  is  much  larger  than  that  given  by 
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the  horizontal  tubular  boiler,  and  it  may  be  questioned  whether 
some  of  the  tubes  are  not  on  this  account  ineffective  and  there- 
fore unnecessary. 

The  large  measure  of  heating  surface  served  to  absorb  all  the 
heat  possible  from  the  products  of  combustion,  since  the  tem- 
perature of  the  gases  leaving  the  boiler  was  reduced  to  322 
degrees,  which  is  a  trifle  less  than  the  temperature  of  the  steam 
and  water  within  the  boiler. 


Boiler  No.  4. 

Kind  of  boilers, Horizontal  return  tabular. 

Number  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft.),  One  hundred  and  three. 

Kind  of  coal, Bituminous,  Cumberland. 

Age, Several  years. 

Dimensions. 

Diameter  of  each  shell,         .......  48     in. 

Length  between  heads  and  length  of  tubes,         ...  15     ft. 

Number  of  tubes  (collective)  8  inches  outside  diameter,    .  99 

Area  of  heating  surface, '^1,235     sq.  ft. 

Area  of  grate  surface  (common  to  two  boilers),         .        .  40.6  sq.  ft 

Area  through  tubes, 4.1  sq.  ft. 

Area  through  flue, 2.7  sq.  ft 

Chinmey  height, 130     ft 

Distance  of  grate  to  shell, 20     in. 

Ratio  of  heating  surface  to  grate,         .        .        .        .        .  30.5  to  1 

Ratio  of  grate  to  tube  area, 9.9  to  1 

Ratio  of  grate  to  flue  area, 15    to  1 

*  This  is  the  heating  surface  relating  to  test  No.  6.  Test  No.  7  was  made  after  the 
heating  surface  had  been  increased  sixty  sqnare  feet  by  the  introdnction  of  pipes  and 
Borfaoe  behind  the  bridge  wall     Draught  aided  by  a  fan  in  both  cases. 
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Results  of  Tests. 


Test  No.  6. 


Te«t  No.  7. 


Manner  of  start  and  stop, 

Kind  of  run, 

Duration, hrs. 

Coal  consumed, lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 

surface, lbs. 

Horse-power  developed,     .  H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .  .  .  deg. 
Temperature  of  escaping  gases,  .  deg. 

Percentage  of  moisture  m  steam,  .      % 

Water  per  pound  of  coal,  ....  lbs. 
Water  per  pound  of  coal  from  and  at  212 

degrees, lbs. 

Water  per  pound  of  combustible  from  and 

at  212  degrees, lbs. 


Runnincr. 
Continued. 
6.26 
2,302 

9.6 

19,650 

438.6 

10.8 

3,723.8 

3.01 
117.3 
68 
160 
365 
0.6 
8.49 

9.22 

10.19 


Running. 
Continuous 
6 
2,441 

10.6 

21,965 

406.8 

10.0 

3,669.2 

2.96 
115.1 
63 
160 
346 
3.0 
8.99 

9.77 

10.91 


The  tests  on  boiler  No.  4  were  designed  to  show  the  effect 
upon  the  economy  produced  by  increasing  the  heating  surface 
of  the  boiler,  placing  the  added  surface  beneath  the  shell. 

The  change  in  the  setting  of  the  boilers,  involved  in  the  intro- 
duction of  the  new  heating  surface,  necessitated  the  removal  of 
a  bridge  wall,  which  was  located  at  the  rear  end,  and  the 
enlargement  of  the  space  behind  and  above  the  front  bridge 
wall.  The  original  opening  above  the  walls  was  too  small. 
A  change  was  also  made  in  the  speed  of  the  blower,  which  was 
at  times  too  low  to  maintain  the  desired  supply  of  steam.  For 
these  reasons  the  comparison  does  not  show  simply  the  effect 
produced  by  the  enlargement  of  heating  surface. 

The  water  from  the  feed  pump  first  passed  through  the  pipes 
that  were  introduced  beneath  the  shells,  and  after  circulating 
through  them  was   discharged   into  the   steam   space   of  the 
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boiler.  There  is  a  marked  difference  in  the  results  of  the  two 
tests  in  the  quality  of  the  steam,  and  this  may  be  attributed  to 
the  discharge  of  the  feed-water  into  the  steam  space. 

Taking  the  results  as  they  stand,  the  gain  produced  by  thfe 
various  changes,  corrected  for  difference  in  quality  of  steam 
and  based  on  coal,  is  3.5  per  cent. 

The  general  results  of  the  tests  are  inferior  to  many  given  in 
the  paper.  The  percentage  of  ash  is  high  for  this  class  of  coal 
—  an  indication  of  inferior  quality. 

(See  memoranda  regarding  boiler  No.  60.) 


Boiler  No.  5. 

Kind  of  boilers, Horizontal  retom  tabular. 

Number  used, Six. 

Horse-power  (coUectiy e,  basis  12  sq.  ft.) ,  Three  hundred  and  thirty-eight 

Kind  of  coal, Anthracite  Lackawanna,  Broken. 

Age, Six  years. 

Dimensions, 

Diameter  of  each  shell, 48  in. 

Length  between  heads  and  length  of  tubes,        ...  15  ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,    .  288 

Area  of  water-heating  surface,     .        .        .        .'       .        .  4,066  sq.  ft. 

Area  of  steam-heating  surface, 640  sq.  ft. 

Area  of  grate  surface, 120  sq.  ft. 

Area  through  tubes, 11.9  sq.  ft. 

Area  through  chimney, 11.1  sq.  ft. 

Height  of  chimney, 100  ft 

Ratio  of  water-heating  surface  to  grate,      ....  33.8  to  1 

Ratio  of  steam-heating  surface  to  grate,      .        .        .        ..      4.6  to  1 

Ratio  of  grate  to  tube  area, 10.1  to  1 

Kind  of  brick  setting, Common. 


Results  of  Test.     (Average  of  three.) 

Test  No.  8. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration, 12       hrs. 

Coal  fired  (including  wood  equivalent),      ....  16,003       lbs 

Percentage  of  ash  (including  some  unbumed  coal),  .        .  16.7    % 


99 

Test  No.  8. 

Water  evaporated, 136,034       lbs. 

Coal  per  hour, 1,333.6    lbs. 

Coal  per  hour  per  square  foot  of  grate,       .        .        .        .  11.11  lbs. 

Water  per  hour, 11,336.1    lbs. 

Water  per  hour  per  square  foot  of  water-heating  surface, .  2.79  lbs. 

Horse-power  developed, 345       H.  P. 

Boiler  pressure, 84.6    lbs. 

Temperature  of  feed-water, 198.6    deg. 

Temperature  of  escaping  gases, 482       deg. 

Water  per  pound  of  coal,      .......  8.50  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,              .  8.96  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.73  lbs. 


Boiler  No.  5  is  set  in  such  a  manner  that  the  upper  surface 
of  the  shell  is  exposed  to  the  heat  of  the  escaping  gases,  thus 
providing  steam-heating  surface.  The  location  of  this  surface 
being  such  as  to  receive  a  deposit  of  soot,  it  is  doubtless 
inefficient  for  its  purpose. 

The  temperature  of  the  escaping  gases  in  this  test  is  high  for 
anthracite  coal.  Considering  the  rate  of  combustion,  which  is 
medium,  and  the  ratio  of  heating  surface  to  grate  surface, 
which  is  sufficient,  there  is  an  indication  here  of  inefficiency  of 
the  heating  surface,  such  as  would  be  produced  by  a  deposit  of 
scale  on  the  interior  of  the  boiler.  The  economic  result  is 
somewhat  lower  than  the  best  figures  given  in  the  paper  —  as 
would  be  expected  from  the  waste  heat  of  the  flue. 


Boiler  No.  6. 

Kind  of  boilers, •*  Double-deck,"  hor.  ret.  tub. 

Number  used, Three. 

Horse-power  (collective, basis  15  sq.  ft.) ,  Three  hundred  and  ninety. 

Age, New. 

Dimermons, 

Diameter  of  lower  shell, 60  in. 

Diameter  of  upper  shell, 34  in. 

Length  of  shell  and  tubes, 15  ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,    •  420 


100 


Area  of  water-heating  surface, 53^     aq-  ft- 

Area  of  steam-faeatiiig  surface, 900     aq.  ft 

Area  of  grate  surface, 90     aq.  ft. 

Area  throa^  tabes, 17.3  aq.  ft 

Area  throa^  chimnej 11.1  sq.  ft 

Height  of  chimDey, 100     ft 

Ratio  of  water-heatiDg  surface  to  grate  surface,  .  65     to  1 

Ratio  of  steaiii4ieatiiig  surface  to  grate  surface,  .  3.3  to  1 

Ratio  ci  grate  to  tube  area, 5.2  to  1 

Ratio  of  grate  to  chimney  area, 8.1  to  1 

Kind  of  briek  setting, Commoo. 


Remits  of  Tests.     (Average  of  three.) 


Test  No.  9. 


TMtKo.MiL 


Kind  of  coal, 


1 


lbs. 


/o 


Manner  of  start  and  stop  and  kind  of  run, . 

Duration, hrs 

C'oal  consumed  dry  (including  wood 
equivalent), 

P<!rcentag(j  of  ash,       .... 

WatfT  evaporated,       .... 

( 'oal  por  hour, 

( 'oal  per  hour  j)cr  square  foot  grate,     . 

WaUT  p<T  hour, 

Water  per  hour  per  square  foot  water- 
heating  surface,        .... 

Horse-power  developed, 

Holler  pressure,    .        .    -    . 

Temperature  of  feed-water. 

Temperature  of  escaping  gases, . 

Percentage  of  moisture  m  steam. 

Water  per  pound  of  coal,    . 

Water  per  pound  of  coal  from  and  at 
212  degrees, lbs. 

Water  per  pound  of  combustible  fix)m 
and  at  212  degrees,  ....  lbs. 


lbs. 
lbs. 
lbs. 
lbs. 


lbs. 
.  II.P. 
.  lbs. 
.deg. 
.deg. 

to 
.   lbs. 


Anthracite, 
Lackawanna, 
Broken. 
Ordinary. 
12 

16,385 
12.3 
141,574 
1,282.1 
14.25 
11,797.8 

2.02 
359 
82.5 
199.3 
392 

9.20 

9.65 

11,11 


Bituminous, 
Geo.'s  Creek 
Cumberland 
Ordinary. 
11.8 

11,646 
6.7 
129,348 
987 
10.97 
10,961.7 

1.87 
331.8 
81.7 
205 
389 
0.5 
11.08 

11.55 

12.42 


Boiler  No.  (>  is  of  the  same  type  as  boiler  No.  3,  its  princi- 
pal feature  being  the  large  extent  ot  heating  surface  and  tube 
area.  The  tests  on  boiler  No.  6  were  made  in  the  same  series 
as  those  of  boiler  No.  5,  one  set  of  boilers  being  used  when 
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the  other  set  was  idle,  and  both  being  employed  for  the  same 
work. 

A  comparison  of  tests  Nos.  8  and  9  may  be  made  to  show  the 
efficiency  of  the  two  types  of  boilers.  Both  tests  were  made 
with  coal  from  the  same  cargo.  The  double-^leck  boiler  secured 
a  somewhat  better  result  than  the  common  boiler,  the  figures 
per  pound  of  combustible  being  11.11  and  10.73.  The  differ- 
ence is  3.5  per  cent.  The  reason  for  this  result  is  seen  in  the 
reduced  quantity  of  waste  heat.  The  temperature  of  the 
escaping  gases  in  the  two  cases  is  482  degrees  and  392  degrees^ 
respectively.  The  reduction  is  evidently  due  in  a  measure  to 
the  increased  amount  of  heating  surface  which  the  double-deck 
boiler  provides.  There  is  5,850  square  feet  of  surface  in  this 
boiler,  against  only  4,056  square  feet  in  the  common  boilers. 
While  an  improvement  might  be  expected  from  this  cause,  the 
whole  of  the  improvement  cannot  be  attributed  to  the  differ- 
ence in  the  type  of  boiler,  because  the  double-deck  boilers  were 
new  and  clean,  while  the  common  boilers  were  old  and  pre- 
sumably somewhat  inefficient  from  long  usage.  It  would  not 
be  unreasonable  to  attribute  the  whole  of  this  small  improve- 
ment (which,  as  noted,  is  only  3.5  per  cent.)  to  the  difference 
in  age  and  condition  of  the  heating  surfaces,  rather  than  to  the 
change  in  the  type  of  boiler.  These  results  do  not  necessarily 
show  that  the  use  of  a  large  amount  of  heating  surface  is  inad- 
visable, for  it  cannot  be  denied  that  if  the  heating  surface  in 
the  common  boilers  was  increased  to  5,850  square  feet,  and  so 
arranged  as  to  absorb  the  waste  heat,  these  boilers  would  be 
fully  as  economical  and  possibly  more  economical  than  the 
double-deck  boiler.  The  extra  surface  in  the  double-^leck 
boiler  seems  to  be  largely  inefficient,  as  might  be  expected  from 
the  large  extent  of  tube  area  which  this  system  requires. 

The  results  of  tests  Nos.  9  and  10  may  l>e  compared  to  show 
the  relative  economy  of  Lackawanna  coal,  broken  size,  and 
George  8  Creek  Cumberland  coal.  The  bituminous  coal,  con- 
sidered by  itself,  gave  exceptionally  good  results.  It  is  not 
improbable  that  the  large  draught  area  through  the  tubes  is  a 
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favorable  conditioD  in  cases  like  this,  where  the  gaseous  ele- 
ment of  combustion  forms  so  prominent  a  feature.  If  this  be 
so,  the  comparison  between  the  economy  of  the  two  fuels  shows 
a  larger  difference  in  &Yor  of  the  bituminous  coal  than  would 
be  shown  on  some  different  type  of  boiler.  Taking  the  figures 
as  they  stand,  however,  there  is  a  difference  of  11.55  —  9.65 
equals  1.90  pounds  of  water  in  &yor  of  the  performance  of  the 
bituminous  coal,  which  is  a  gain  of  nearly  20  per  cent,  over 
that  of  the  anthracite  coal,  and  this  gain  represents  a  saving  in 
the  quantity  of  bituminous  coal  required  to  do  a  given  amount 
of  work  of  16.4  per  cent. 

A  marked  feature  in  the  comparison  of  the  two  kinds  of  fuel 
is  the  difference  in  the  quantity  of  ash.  It  is  12.3  per  cent,  for 
the  anthracite  coal,  and  6.7  per  cent,  for  the  bituminous  coal. 


BOILKB  No.  7. 

Kind  of  boilers, Horisontal  return  tabular. 

Number  used,  .        .  Six. 

Horse-power  (collective,  basis  12  sq.  ft) ,        Four  hundred  and  thirty. 

Kind  of  coal, S  mi^tme  of  Anthracite  Screen- 

I     ings  and  Nova  Scotia  Culm. 
Age, Two  years. 


Dimensions, 

Diameter  of  each  shell, 60  in. 

Length  between  heads  and  length  of  tubes,          ...  15  ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,     .  385 

Area  of  heating  surface, 6,204  sq.  ft 

Area  of  grate  surface, 150  sq.  ft 

Area  through  tubes  (at  smallest  section),     ....  6.42  sq.  ft 

Area  through  chimney, 16  sq.  ft. 

Height  of  chimney, 120  ft. 

Ratio  of  heating  surface  to  grate  surface,     ....  41.4  to  1 

Ratio  of  grate  surface  to  smallest  tube  area,        .        .        .  23.4  to  1 

Ratio  of  grate  surface  to  chimney  area,        .        .        .        .  9.2  to  1 

Kind  of  brick  setting, Common  with  fan  draught 
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Results  of  Test. 

Test  No.  11. 

Manner  of  start  and  stop  and  kind  of  run,    ....  Ordinary. 

Duration, 10.5    hrs. 

Coal  consumed  moist  (including  wood  equivalent),    .        .  11,265       lbs. 

Proportion  of  bituminous  coal  to  whole,       .        .        .        .  .178 

Percentage  of  ash  and  waste  coal, 15.4    % 

Water  evaporated, 78,849       lbs. 

Ck)al  per  hour, 1,072.8    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  7.15  lbs. 

Water  per  hour, 7,509.4    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,     .        .  1.21  lbs. 

Horse-power  developed, 250.8    H.  P. 

Boiler  pressure, 45       lbs. 

Temperature  of  feed-water, 89       deg. 

Temperature  of  escaping  gases, 305       deg. 

Draught  suction  of  chimney, 3-8       in. 

Draught  pressure  of  fan, 0  in.  to  J  in. 

Water  per  pound  of  coal, 7.00  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .  8.17  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  9.66  lbs. 

The  setting  in  boiler  No.  7  was  arranged  in  the  usual  manner 
of  horizontal  return  tubular  boilers,  with  the  exception  that 
provision  was  made  for  using  a  fan  discharging  into  the  ash- 
pits to  augment  the  draught,  and  this  provision  was  availed  of 
to  a  greater  or  less  extent  in  the  ordinary  work  of  the  boilers. 
The  tubes  in  the  boilers  were  divided,  and  part  of  them  were 
used  for  carrying  the  products  of  combustion  in  one  direction 
while  the  remainder  returned  them  in  the  other  direction. 
This  arrangement  introduced  a  necessity  for  the  use  of  the  fan 
when  it  might  otherwise  have  been  avoided. 

The  interest  in  this  test  centres  in  the  kind  of  fuel  burned, 
and  the  arrangement  of  tubes  noted.  Subsequent  tests,  made 
at  intervals  of  about  a  year  and  using  different  kinds  of  the 
cheap  grades  of  anthracite  coal,  gave  the  following  results  : — 
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Kind  of  anthracite  coal, . 
Proportion    of    Nova    Scotia 

coaif  •  •  •  •  • 
Percentage  of  ash,  .  .  % 
Horse-power  developed,  .  H J?. 
Temperature  of  escaping 

gases,  ....  deg. 
Water  per  pound  of  coal 

fromandat212deei*ees,  lbs. 
Water  per  pound  otcom- 

bustible  from    and    at 

212  degrees,  .  .  .  lbs. 
Draught  pressure  at  blower,  in. 


Screenings. 

.14 
20 
880 

848 

7.95 

9.98 


Buckwheat 

.055 
18 
868 

387 

8.92 

10.87 


Pea  and  Dost 

.105 
19.8 
561 

407 

8.26 


10.32 
Otoli 


The  results  of  all  the  tests  on  boiler  No.  7  give  an  average 
of  8.32  pounds  of  water  from  and  at  212  degrees  per  pound  of 
coal.     The  coal  was  slightly  moist,  say  4  per  cent. 

It  is  to  be  noted  that  the  rate  of  power  developed  was  low. 
The  last  test  gave  about  the  maximum  which,  under  the  cir- 
cumstances, could  practically  be  obtained. 

There  was  a  coil  of  pipe  in  the  flue  containing  one-twentieth 
of  the  total  heating  surface  given  above.     On  test  No.  11  the 
feed-water,  which  passed  through  this  coil,  after  leaving  the 
injector,  was  heated  13  degrees,  the  initial  temperature  being  - 
155  degrees. 


Boiler  No.  8. 

Kind  of  boiler, "  Double-deck,"  hor.  ret  tub. 

Number  used, One. 

Horse-power  (btosis  15  square  feet),     .  One  hundred. 

Age, New. 

Dimensions. 

Diameter  of  lower  shell, 54  in. 

Diameter  of  upper  shell, 36  in. 

Length  of  shell  and  tubes, 15  ft 

Number  of  tubes  3  inches  outside  diameter,         .        .        .  114 

Area  of  water-heating  surface, 1,521  sq. 

Area  of  steam-heating  surface, 88  sq. 

Area  of  grate  surface, 22.5  sq. 
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Area  through  tubes, 9.4  sq.  ft. 

Area  through  chimney, 7.1  sq.  ft 

Height  of  chimney, 70     ft. 

Widtt  of  air  spaces  and  metal  bars  in  grates,      ...  3-8  in. 

Ratio  of  water-heating  surface  to  grate  surface,  .  .         67.6  to  1 

Ratio  of  steam-heating  surface  to  grate  surface, .  .  3.9  to  1 

Ratio  of  grate  surface  to  tube  area, 4.8  to  1 

^  Passages  in  walls  supplying  air 
Kind  of  brick  setting )     to  sides  of  furnaces  and  to 

C     bridge  walls. 
Resxtlts  of  Tests. 


Test  No.  12. 

Test  No.  13. 

Test  No.  14. 

Test  No.  15. 

r 

Mixture  1 

Delaware 

Gconcc's 

Nova 

Kind  of  fuel,         .        .        .       < 

Dftrt  Nova 
Scotia  Culm, 

and  Lacka- 
wanna, 

Creek  Cum- 
berland, Bi- 

SooUa 
Culm. 

/ 

3  parts  Pea 

Broken, 

tuminous. 

V 

and  Dust 

Anthracite. 

Manner  of  start  and  stop  and  kind 

Av.  8  days. 

Ay.  2  days. 

Av.  2  days. 

One  day.    ^ 

of  run, 

Ordinary.    Ordinary. 

Ordinary. 

Ordinary. 

Duration,       ....  hrs. 

11.5  1          11.6 

11.5 

9.5 

Coal  consumed  dry  (includ- 
ing wood  equivalent),       .  lbs. 
Percentage  of  ash,                      % 

2,983 

2.485 

2,131 

2,390 

14.7 

15.5 

6.7 

10.4 

Water  evaporated,                .  lbs. 

24,671 

21,091 

21,137 

18,938 

Coal  per  hour,                      .  lbs. 

259.3 

216.1 

185.4 

247.7 

Coal  per  hour  per  square  foot 

grate,         ....  lbs. 
Water  per  hour,    .                .  lbs. 

11.5 

9.4 

8.2 

11.2 

2,145 

1,834 

1,838 

1,994 

Water  per  hour  per  square 

foot  water-heating  surface,  lbs. 

1.4 

1.2 

1.2 

1.3 

Horse-power  developed,       H.  P. 

64.3 

55 

55 

59.8 

Boiler  pressure,    .                .  lbs. 

75.3 

74 

74.2 

71.7 

Temperature  of  feed-water, .  deg. 

206 

211 

211 

210 

Temperature    of    escaping 

gases,         ....  deg. 

339 

335 

348 

348 

Moisture  in  steahi,  by  calori- 

meter,       ....      % 

1.2 

— 

— 

^ 

Water  per  pound  coal,         .  lbs. 

8.27 

8.48 

9.92 

7.93 

Water  per  pound  coal  from 

and  at  212  degrees,  .        .  lbs. 
Water  per  pouna  combustible 
from  and  at  212  degrees, .  lbs. 

8.59 

8.78 

10.26 

8.21 

10.07 

10.39 

•  10.99 

9.19 

Note.  —  The  coals  when  fired  contained  the  following  percentages  of 
moistore:  Mixed  fuel,  6  per  cent;  Cumberland,  2-5  per  cent;  Nova 
Scotia  calm,  7  per  cent 
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Boiler  No.  8,  like  No.  6,  has  a  lower  shell  completely  filled 
with  tubes,  and  an  upper  shell  attached  by  necks  in  the 
manner  of  a  steam  drum.  During  test  No.  13  the  entrances  to 
the  passages  in  the  walls,  through  which  air  ordinarily  enters 
the  setting,  were  closed  by  means  of  cement.  During  one 
day's  run  of  test  No.  14  the  coal  was  dry,  and  during  the  other 
day's  run  the  coal  was  wet,  after  being  weighed,  with  5  per 
cent,  of  its  weight  of  water.  The  evaporative  performance  on 
the  second  day's  run,  that  is,  using  the  wet  coal,  was  3  per 
cent,  higher  than  on  the  first  day's  run. 

These  tests  give  an  indication  of  the  relative  economy  of  the 
various  fuels  which  were  tried.  The  cost  of  these  coals  per 
ton  of  2,240  pounds,  and  the  cost  of  fuel  required  to  evaporate 
a  given  quantity  of  water,  say  30,000  pounds  from  and  at  212 
degrees  on  the  basis  of  these  quotations  and  of  the  results  of 
the  tests,  are  as  follows  :  — 


Mixtore  Pea 

and  DuRt  3 

parts.  Nova 

Scotta  Calm  1 

part. 

Delaware  and        George's 
lAckawanna,  ;  Creek  Cum- 
Anthracite,    |   berland,  Bi- 
Broken.            tamJnous. 

Nora 
Scotia 
Calm. 

Cost  of  2,240  pounds  coal, 
Cost  of  coal  for  30,000  pounds 
steam, 

»-4.02 
6.31 

?5.90 
9.18 

16.75 
8.91 

t3.80 
7.14 

This  comparison  is  of  little  value  at  the  present  time 
(September,  1888),  when  the  prices  of  the  same  grades  of  coal 
are  entirely  different,  but  it  suggests  many  possibilities. 
Making  a  comparison  on  the  basis  of  the  quantity  of  water 
evaporated  per  pound  of  coal,  it  appears  that  the  best  result 
was  produced  by  the  Cumberland  coal  and  the  poorest  result 
by  the  Nova  Scotia  culm.  The  Cumberland  did  17  per  cent, 
better  than  the  anthracite,  19  per  cent,  better  than  the  mixed 
fuel,  and  25  per  cent,  better  than  the  Nova  Scotia  culm. 

Looking  at  the  results  as  a  whole,  there  is  evidence  that 
they  are  inferior.  Boiler  No.  6,  which  is  of  similar  type,  gave 
a  higher  evaporation,  both  with  anthracite  and  with  Cumber- 
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land  coal,  but  it  worked  under  different  conditions.  The 
quantity  of  power  developed  here  is  notably  low —  little  more 
than  half  of  the  nominal  power.  There  was  probably  too 
much  surface.  As  elsewhere  remarked,  the  arrangement  of  the 
tubes  is  such  that  a  part  of  the  surface  is  inefficient  and  some- 
times almost  useless.  The  lower  power  developed  made  this 
defect  more  prominent  than  it  would  otherwise  have  been 

A  low  temperature  of  the  escaping  gases  is  an  indication  of 
economical  performance,  but  it  is  not  a  sure  guide  in  the 
matter,  as  these  experiments  prove. 

Subsequent  tests  were  made,  using  a  mixture  of  pea  and  dust 
coal  and  Nova  Scotia  culm,  having  the  same  proportions  as 
those  used  in  test  No.  12,  to  determine  the  effect  of  working  the 
boilers  to  greater  capacity.  The  rate  of  combustion  was  in- 
creased to  15.5  pounds  of  coal  per  square  foot  of  grate  per 
thour,  and  the  amount  of  horse-power  to  92.7.  The  evapo- 
ration from  and  at  212  degrees  per  pound  of  coal  was  9.18 
pounds,  and  per  pound  of  combustible  10.77  pounds.  These 
quantities  are  about  7  per  cent,  higher  than  those  which 
obtained  with  the  earlier  tests.  The  temperature  of  the  waste 
gases  on  the  last  tests  was  375  degrees. 

Boiler  No.  9. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .  Fifty-four. 

Age, Several  years. 

Dimensions, 

Diameter  of  each  shell, 48     in. 

Length  between  heads  and  length  of  tubes,         ...  15     ft. 

Number  of  tubes  3  inches  outside  diameter,         ...  49 

Area  of  heating  surface, 644     sq.  ft. 

Area  of  grate  surface, 20     sq.  ft 

Area  through  tubes, '.        .  2     sq.  ft. 

Mdth  of  air  spaces  and  metal  bars  in  grates,     ...  3-8     in. 

Distance  of  grate  to  shell, 27     in. 

Distance  of  bridge  wall  to  shell, 8     in. 

Batio  of  heating  surface  to  grate  surface,    ....  32.2  to  1 

Ratio  of  grate  surface  to  tube  area, 9.9  to  1 

Kind  of  brick  setting, Common. 
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Results  of  Tests. 


■ 

TMt  Na  IC 

Te«t  No.  17. 

Teat  No.  1& 

Test  No. ». 

/^ 

George's 

Delaware 

BOztorel 

Mlxtmel 

Kind  of  coal, 

5 

Creek  (*qib- 
berlADd,  Bl. 

and  Hndaoo, 
Lackawan- 

part Cum- 
berland, 3 

part  IfoTa 
SeoUaCnlm, 

( 

tnmliftoiM. 

na.  Anthra- 

parts Pea 

SpartsPea 

Maimer  of  start  and   stop 

and 

cite,  Broken. 

and  Oast. 

and  Dost 

kind  of  run. 

• 

Ordinary. 

Ordhiaiy. 

Ordhiaiy. 

Oidinsry. 

Duration,      .... 

hrs. 

11.2 

11.2 

11.2 

11.2 

Coal  consumed  dry  (includ- 
ing wood  equivalent). 

lbs. 

2,277 

2,266 

1^78 

2,080 

Percentage  of  ash, 

% 

11.1 

14.2 

21.3 

26.2 

Water  evaporated, 

lbs. 

20,464 

18,385 

13,144 

13,230 

Coal  per  hour, 

lbs. 

202.4 

201.4 

167 

184.9 

Coal  per  hour  per  square  foot 

of  grate,    .... 

lbs. 

10.1 

10.1 

8.3 

9.2 

Water  per  hour,    . 

lbs. 

1,819 

1,634.3 

1,168.4 

1,176.1 

Water  per  hour  per  square 

foot  heating  surface. 

lbs. 

2.8 

2.5 

1.8 

1.8 

Horse-power  developed,       H.  P. 

60 

53.9 

38.5 

38.8   ' 

Boiler  pressure,    . 

lbs. 

69.4 

69  4 

71.7 

71.6 

Temperature  of  feed-water, 

deg. 

119.4 

120.5 

119.7 

120.4 

Temperature    of    escaping 

gases,         .... 

deg. 

435 

443 

430 

406 

Number  of -firings, 

• 

17 

12 

14 

15 

Number  of  times  slicing-bar 

was  used,  .... 

• 

15 

4 

8 

18 

Water  per  poimd  of  coal,     . 

lbs. 

9.08 

8.20 

7.10 

6.46 

Water  per  pound    of   coal 

from  and  at  212  degrees, . 

lbs. 

10.25 

9.24 

7.99 

7.27 

Water  per  pound  of  combus- 

tible from  and  at  212  de- 

grees,        .... 

lbs. 

11.52 

10.76 

10.18 

9.87 

Note.  —  The  mixed  fuels  were  wet  before  firing  with  5  per  cent,  of  their 
weight  of  water. 

The  tests  on  boiler  No.  9  were  made  to  show  the  relation 
which  exists  in  the  matter  of  economy  between  various  kinds  of 
coal.  The  tests  were  made  upon  old  boilers  in  a  locality  favor- 
able to  the  production  of  scale,  and  it  is  presumed  from  the 
high  temperature  of  the  escaping  gases  that  the  heating  surfaces 
had  become  somewhat  inefficient  from  this  cause. 

The  Cum>)erland  coal  gave  the  highest  economic  result,  ex- 
pressed in  pounds  of  water  evaporated,  and  the  mixture  of 
Nova  Scotia  culm  and  pea  and  dust  gave  the  lowest  result. 
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The  Cumberland  coal  result  was  superior  to  the  anthracite  re- 
sult some  10  per  cent,  and  to  the  remaining  fuels  28  per  cent, 
and  41  per  cent,  respectively.  There  is  evidence  of  inferior 
quality  in  all  these  fuels,  excepting  the  anthracite  coal,  in  the 
fact  of  the  comparatively  large  percentage  of  ash.  Eleven  per 
cent,  of  ash  is  high  for  Cumberland  coal  of  good  quality.  The 
quantities  of  ash  given  for  the  mixed  fuels,  viz.,  21  per  cent, 
and  26  per  cent.,  are  exceedingly  large. 

A  feature  of  the  results  is  the  relative  amount  of  power  de- 
veloped by  the  various  fuels.  The  dampers  were  kept  wide 
open  during  each  test  and  the  boilers  produced  a  maximum 
quantity  of  steam  under  each  condition.  The  Cumberland  coal 
produced  the  largest  amount,  viz.,  120  horse-power,  and  this  is 
22  per  cent,  above  the  nominal  capacity.  Then  comes  the  anthra- 
cite coal  and  finally  the  mixed  fuels.  The  mixed  fuels  produced 
22  per  cent,  below  the  rated  power  of  the  boilei*s.  Another  fea- 
ture is  the  labor  involved  in  using  the  various  fuels,  as  indi- 
cated by  the  number  of  times  the  slicing-bar  was  employed  in 
breaking  up  the  bed  of  coal.  The  anthracite  coal  gives  the 
most  favorable  showing,  while  the  mixture  of  culm  and  pea  and 
dust  gives  the  least  favorable  showing.  The  difference  in  the 
labor  involved  in  slicing  a  fire  four  times  per  day  and  eighteen 
times  per  day  is  considerable. 

The  real  economy  of  these  various  fuels  depends  upon  their 
cost.  In  the  table  below,  the  cost  of  each  fuel  per  ton  of  2,240 
pounds  and  the  cost  of  coal  required  for  generating  30,000 
pounds  of  steam  on  the  basis  of  the  results  obtained,  according  to 
quotations  of  prices  at  the  time  the  tests  were  made,  are  given  :  — 


Cumberland. 


Anthracite. 


Mixture 

Cumberland 

and  Pea 

and  Dust. 


Mixture 
Culm  and 

Pea 
and  Dust. 


Cost  of  coal  per  ton  of  2,240 
pounds, 

Cost  of  coal  required  to  evap- 
orate dO,000  pounds  of  water 
from  and  at  212  degrees, . 


f6.90 


7.70 


(5.60 


8.11 


14.47 


7.60 


13.75 


6.88 


110 

The  extreme  difference  in  these  figures  is  $1,239  which  cor- 
responds to  15  per  cent.,  and  this  occurs  between  the  anthra- 
cite  coal,  which  is  the  most  easily  worked,  and  the  mixed  fuel 
containing  culm,  which  requires  the  most  labor  in  firing.  If 
one  fireman  be  assumed  capable  of  handling  ten  tons  of  anthra- 
cite coal,  broken  size,  per  day,  and  his  wages  are  $2.00  per 
day,  the  cost  of  fireman's  labor  represents  3.6  per  cent,  of  the 
cost  of  fuel.  A  saving  of  15  per  cent,  in  the  cost  of  fuel,  due 
to  using  the  mixture  named,  is  sufficient  to  cover  an  increased 
cost  of  labor  corresponding  to  the  employment  of  another  fire- 
man at  the  wages  named,  and  still  have  11.4  per  cent,  remain- 
ing for  a  net  saving.  These  figures  and  comparisons  apply 
only  to  the  conditions  of  cost  and  performance  which  obtained 
in  this  particular  case.  They  suggest,  however,  an  important 
line  of  investigation  for  those  who  wish  to  bum  the  most  eco- 
nomical fuel. 

On  a  subsequent  occasion  tests  were  made  upon  the  same 
boilers,  first  with  Franklin  coal  and  then  with  Ealmia  coal,  each 
of  which  was  quoted  at  $6.75  per  ton.  The  results  in  pounds 
of  water  from  and  at  212  degrees  per  pound  of  coal  was  9.78 
pounds  and  9.68  pounds  respectively.  The  improvement  over 
the  Anthracite  Lackawanna  is  largely  due  to  the  reduced  quan- 
tity of  ash.  The  percentage  of  ash  was  in  the  case  of  each  of 
the  two  first-named  fuels  10.8  per  cent.,  while  in  the  last  it  was 
14.2  per  cent. 

Boiler  No.  10. 

Kind  of  boiler, Horizontal  return  tabular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        Sixty-three. 

Kind  of  coal, \  Mixture  two  parts  Screenings. 

'        '        '     i     one  part  Nova  Scotia  Culm. 
Age, Several  years. 

Dimensions, 

Diameter  of  each  shell, 54     in. 

Length  between  heads  and  length  of  tubes,  ...  15     ft 

Number  of  tubes  3  inches  outside  diameter,         ...  60 


Ill 

Area  of  heating  surface, 757     sq.  ft. 

Area  of  grate  surface, 22.5  sq.  ft. 

Area  through  tubes, 2.5  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,  3-8     in. 

Distance  of  grate  to  shell, 27     in. 

Distance  of  bridge  wall  to  shell, 8     in. 

Space  behind  bridge  wall, Filled,  inclined  covering. 

Ratio  of  heating  surface  to  grate  surface,    ....  33.7  to  1 

Ratio  of  grate  surface  to  tube  area, 9     to  1 

(  Passages  in  walls  supplying  air 
Kind  of  brick  setting,    .  •     )     to  sides  of  furnace  and  top  of 

C     bridge  wall. 

Results  of  Tests.     (Average  of  two  days.) 


Test  No.  90. 


Test  No.  31. 


Conditions  regarding  air  passages,    .  < 

Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiv- 
alent),       lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  heating 
surface, lbs. 

Horse-power  developed,     .  .        H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .  deg. 

Temperature  of  escaping  gases,  .  deg. 

Draught  suction,  .in. 

Water  per  pound  of  coal,   .  .        .lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees, lbs. 

Water  per  pound  of  combustible  from  and 
at  212  degrees, lbs. 


Air  passages  Air  passages 
open.  closed. 


Onunary. 
11.4 

2,820 

U.3 
17,828 
297.9 
11.02 
1,567.7 

2.06 
53.7 
68.9 
72.2 
453 
0.36 
6.32 

7.44 

8.69 


Ordinary. 
10.8 

2,673 

16.1 
16,557 
248.7 
11.05 
1,541.3 

2.03 
52.8 
68.7 
71.6 
461 
0.36 
6.19 

7.30 

8.69 


Note.  —  The  coal  when  fired  contained  5  per  cent,  of  its  weight  of  water. 


The  object  of  the  tests  on  boiler  No.  10  was  the  detennina- 
^on  of  the  effect  produced  by  excluding  the  air  from  the  pas- 
sages in  the  walls,  and  thereby  from  entrance  over  the  burning 
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fiiel,  this  being  done  in  a  case  where  the  fuel  was  a  cheap 
mixture  of  screenings  and  bituminous  coal.  During  the  test 
with  the  passages  open,  the  air  registers  in  the  fire  doors  were 
closed,  while  during  the  test  with  the  passages  shut,  these  reg- 
isters were  open  a  part  of  the  time. 

The  results  of  the  tests  do  not  differ  much  from  each  other. 
On  the  basis  of  coal  used  there  appears  to  be  a  loss  of  about 
2  per  cent.,  due  to  closing  the  air  passages,  but  on  the  basis  of 
combustible,  there  is  an  exact  agreement  in  the  results.  The 
difi*erence  is  so  small  that  it  is  hardly  worth  while  to  consider 
it.  This  comparison  is  not  made  between  admitting  air  above 
the  fuel  and  not  admitting  it  at  all,  but  upon  two  methods  of 
admitting  air ;  one  the  common  method  of  introducing  it  through 
the  fire  door,  and  the  other,  a  special  method  of  carrying  it 
first  through  the  side  walls  where  it  becomes  somewhat  heated, 
and  finally  discharging  it  through  distributed  openings  on  the 
sides  of  the  furnace  and  on  the  top  of  the  bridge  wall. 

The  results  of  this  comparison  show  that  the  manner  in  which 
the  gaseous  products  of  the  furnace  appear  to  be  consumed,  as 
viewed  by  the  eye  of  an  observer,  does  not  necessarily  indicate 
much  as  to  the  true  economy  with  which  the  combustion  takes 
place.  As  thus  viewed  there  was  a  marked  improvement  in 
the  character  of  the  combustion  when  the  air  passages  wert 
open,  over  the  appearance  when  they  were  closed. 

The  boilers  developed  less  than  their  rated  capacity,  even 
with  a  constant  draught  of  |-inch  water  pressure,  which  is  the 
full  draught  of  a  100-foot  chimney.  The  economic  results 
appear  to  be  low,  but  in  partial  explanation  of  this  the  high 
temperature  of  the  escaping  gases  may  be  noticed. 

Boiler  No.  11. 

Kind  of  boilers, "  Double-deck,"  hor.  ret.  tub. 

Number  used, Four. 

Horse-power  (collective, basis  15 sq.ft.),        Three  hundred  and  twenty. 

Kind  of  coal, \  ^"^^^^  Cumberland,  Bitumi- 

(     nous. 

Age, New. 
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Dimensions, 

Diameter  of  lower  shell, 54     in. 

Diameter  of  upper  shell, 32     in. 

Length  of  shells  and  tubes, 12     ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,  472 

Area  of  water-heating  surface, 4,972     sq.  ft. 

Area  of  steam-heating  surface, 320     sq.  ft. 

Area  through  tubes, 19.5  sq.  ft. 

Area  of  grate  surface, 80     sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      ...  3-8     in. 

Ratio  of  water-heating  surface  to  grate  surface,  .  62.1  to  1 

Ratio  of  steam-heating  surface  to  gi*ate  surface,  .  4     to  1 

Ratio  of  grate  to  tube  area, 4.1  to  1 

Kind  of  brick  setting, Common. 


Results  of  Tests,     (Average  of  two.) 

Test  No.  33. 

Manner  of  start  and  stop  and  kind  of  run,   ....  Ordinary. 

Duration, 12.25  hrs. 

Coal  consumed  dry  (including  wood  equivalent),       .        .  9,000       lbs. 

Percentage  of  ash, ^-7    % 

Water  evaporated, 92,355       lbs. 

Coal  per  hour, 741.8     lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  9.3     lbs. 

Water  per  hour, 7,539.2     lbs. 

Water  per  hour  per  square  foot  of  water-heating  surface,  .  1.5     lbs. 

Horse-power  developed, 231.4    H.  P. 

Boiler  pressure, 82       lbs. 

Temperature  of  feed-water, 190       deg. 

Temperature  of  escaping  gases, 375       deg. 

Water  per  pound  of  coal, 10.26  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  10.86  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  12.03  lbs. 


These  boilers,  like  those  designated  Nos.  3,  6  and  8,  are  novel 
in  having  a  large  extent  of  heating  surface  and  large  area  through 
the  tubes  in  proportion  to  their  grate  surface. 

The  results  here  obtained  add  weight  to  the  view  expressed 
elsewhere  that  much  of  the  excessive  area  of  heating  surface  in 


this  type  of  boiler  is  useless. 
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The  evaporation  per  pound  of  combustible  from  and  at  212 
degrees  exceeds  12  pounds  a  trifle  —  which  is  a  good  result  — 
but  not  much  above  many  given  in  the  paper  for  boilers  of  the 
ordinary  type. 

Boiler  No.  12. 

Kind  of  boiler, Vertical  tubular  (rolling-pin). 

Number  used, One. 

Horse-power  (basis  10  square  feet),     .        One  hundred  and  forty. 

kind  of  coal ^Delaware   and   Lackawanna, 

i     Anthracite,  Broken. 
Age, Ten  years. 

Dimensions. 

Diameter  of  main  shell, 90  in. 

Diameter  of  drum  and  water  leg, 29  in. 

Length  of  main  shell  and  tubes, 9  ft.  9  in. 

Number  of  tubes  2  inches  outside  diameter,        .                .  248 

Area  of  water-heating  surface, 941     sq.  ft. 

Area  of  steam-heating  surface, 426     sq.  ft. 

Area  of  total  heating  surface, 1,367     sq.  ft. 

Area  of  grate  surface, •     .  45.6  sq.  ft 

Area  through  tubes, 4.1  sq.  ft. 

Width  of  air  spaces  and  metal  bai*s  in  grates,     ...  1-2     in. 

Area  through  stack, 8.7  sq.  ft. 

Height  of  stack, 60     ft 

Ratio  of  water-heating  surface  to  grate  surface, .        .        .  20.6  to  1 

Ratio  of  steam-heating  surface  to  grate  surface,         .        .  9.3  to  1 

Ratio  of  total  heating  surface  to  grate  surface,   .        .        .  30     to  1 

Ratio  of  grate  to  tube  area, 11      to  1 

Kind  of  brick  setting, Common. 
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Results  of  Tests. 


Test  No.  28. 


Test  No.  24. 


Conditions, < 

Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal  consumed  (including  wood  equivalent) ,  lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  water- 
heating  surface, lbs. 

Horse-power  developed,     .  H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .  deg. 

Temperature  of  escaping  gases,  .  deg. 

Number  of  degrees  of  superheating,        .  deg. 

Water  per  pound  of  coal,  ....  lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees, lbs. 

Water  per  pound  of  combustible  from  and 
at  212  degrees, lbs. 


Damper  wide 
open,  maxi- 
mum capacity. 

Ordinary. 
11.7 
9,161 

8.6 
61,355 
783 
17.1 
5,244 

5.6 
169.8 
78 
132 
600 

6.70 

7.23 

8.18 


Damper 
partially 
closed. 

Ordinary. 
11.2 
5,705 

8.6 

44,597 

507.1 

11.1 

3,964.2 

4.3 
128.2 
79 
132 
480 
90 
7.82 

8.75 

9.56 


Boiler  No.  12  is  a  typical  vertical  tubular  boiler  of  the  roll- 
ing-pin form.  The  setting  consists  of  a  plain  brick  wall  of  cir- 
cular shape  surrounding  the  shell,  and  extending  to  a  height  of 
10  or  12  feet  above  the  upper  tube  sheet. 

One  of  the  peculiarities  of  these  boilers  is  the  small  proportion 
of  water-heating  surface  compared  with  the  grate  surface.  The 
proportion  is  only  20.6  to  1.  There  is  also  nearly  half  as  much 
steam-heating  surface,  the  proportion  being  9.3  to  1.  The 
ratio  of  the  sum  of  these  is  less  than  is  found  in  most  horizontal 
tubular  boilers.  To  the  low  proportion  of  water  surface  is  due, 
in  a  large  degree,  the  high  temperature  of  the  escaping  gases, 
with  its  attendant  loss  of  heat  and  low  rate  of  evaporation  per 
pound  of  coal  which  the  tests  reveal.  To  the  large  proportion 
of  steam-heating  surface  is  due  the  large  amount  of  superheating 
which  this  type  of  boiler  gives. 


116 

The  evaporative  results  include  no  allowance  for  the  super- 
heated condition  of  the  steam.  An  intelligent  view  of  the  work 
of  the  boilers  cannot  be  had  without  taking  the  superheating 
into  account.  What  allowance  should  be  made  for  a  given 
number  of  degrees  of  superheat  depends  somewhat  upon  the 
character  of  the  work.  The  added  value  of  the  superheated 
steam  is  never  less  than  the  equivalent  of  the  excess  of  heat 
which  it  possesses  over  saturated  steam,  whatever  the  use  to 
which  it  is  applied.  But  for  working  engines,  its  added  value 
is  greater  than  this  equivalent.  If  the  added  heat  is  one  per 
cent,  the  added  value  for  power  is  in  round  numbers  two  per 
cent.  Applying  an  allowance  of  double  the  added  heat  to  the 
figures  obtained  on  the  second  test  (test  No.  24)  the  result 
becomes  10.32  pounds  of  water  from  and  at  212  degrees  per 
pound  of  combustible.  This  figure  is  inferior  to  the  results 
obtained  from  horizontal  boilers  of  good  performance. 

The  two  tests  here  reported  show  the  unfavorable  effect  pro- 
duced upon  this  type  of  boiler  by  a  high  rate  of  combustion  and 
excessive  capacity.  The  quantity  of  coal  burned  in  a  given 
time  in  test  No.  23  was  54  per  cent,  larger  than  in  test  No.  24, 
and  the  evaporation  per  pound  of  coal  was  reduced  14.4  per 
cent.  This  reduction  is  accounted  for  by  the  increased  tem- 
perature of  the  escaping  gases,  which  was  from  480  degi'ees  to 
600  degrees.  The  amount  of  power  developed  on  the  capacity 
test  was  large,  and  the  ease  here  shown  with  which  the  vertical 
boiler  generates  steam  should  not  be  lost  sight  of.  With  a 
stack  only  60  feet  high,  the  boilers  developed  21  per  cent,  more 
than  the  rated  capacity  (without  allowance  for  the  greater  effi- 
ciency of  superheated  steam)-  and  the  rate  of  combustion  was 
17.1  pounds  of  coal  per  square  foot  of  grate  per  hour. 

Boiler  No.  13. 

Kind  of  boiler, Vertical  tubular  (rolling-pin). 

Number  used, One. 

Horse-power  (basis  10  square  feet),     .        One  hundred  and  forty. 

Kind  of  coal S  Delaware    and    Lackawanna, 

(     Anthracite,  Broken. 
Age, Ten  years. 
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Dimensions. 

Diameter  of  main  shell, 90     in. 

Diameter  of  dnim  and  water  leg, 29     in. 

Length  of  main  shell  and  tubes, 9  ft  9  in. 

Nmnber  of  tubes  2  inches  outside  diameter,        .        .        .  248 

Area  of  water-heating  surface, 1,159     sq.  ft. 

Area  of  steam-heating  surface, 208     sq.  ft. 

Area  of  total  heating  surface, 1,367     sq.  ft. 

Area  of  grate  surface,  . 45.7  sq.  ft 

Area  through  tubes, 4.1  sq.  ft. 

Widtii  of  air  spaces  and  metal  bars  in  grates,     .        .  3-8     in. 

Area  through  stack, 8.7  sq.  ft 

Height  of  stack, 60     ft. 

Ratio  of  water-heating  surface  to  grate  surface, .  25.4  to  1 

Bado  of  steam-heating  surface  to  grate  surface,                 .  4.6  to  1 

Ratio  of  total  heating  surface  to  grate  surface,  .                .  30     to  1 

Ratio  of  grate  to  tube  area, 11     to  1 

Kind  of  brick  setting, Common. 


Results  of  Test, 

Test  No.  25. 

Manner  of  start  and  stop  and  kind  of  run,  .        .        .        .  Ordinary. 

Duration, 11.7    hrs. 

Coal  consumed  (including  wood  equivalent),                      .  5,897      lbs. 

Percentage  of  ash, 8*4    % 

Water  evaporated, 48,735       lbs. 

Coal  per  hour,        .       \ 504       lbs. 

Coal  per  hour  per  square  foot  of  grate,                               .  11       lbs. 

Water  per  hour, 4,165.4    lbs. 

Water  per  hour  per  square  foot  of  water-heating  surface, .  3.6    lbs. 

Horse-power  developed, 134.8    H.  P. 

Boiler  pressure, 80       lbs. 

Temperature  of  feed-water, 134       deg. 

Temperature  of  escaping  gases, 434       deg. 

Number  of  degrees  of  superheating, 14       deg. 

Water  per  pound  of  coal, 8.26  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,     .        .  9.22  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.07  lbs. 


Boiler  No.  13  does  not  differ  from  the  preceding  one  (boiler 
No.  12)  excepting  in  the  proportion  which  exists  between  the 
water  and  steam  sur&ces.     It  has  4.8  square  feet  more  water- 
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heating  surface  and  the  same  amount  less  steam-heating  sur- 
face for  each  square  foot  of  grate  than  the  other  boiler. 

Comparing  the  results  produced  in  the  two  cases,  it  appears 
that  there  is  a  marked  difference  in  the  number  of  degrees  of 
superheating.  The  superheating  is  90  degrees  in  one  case  and 
only  14  degrees  in  the  other.  The  temperature  of  the  waste 
gases  has  fallen  from  480  degrees  to  434  degrees.  The  water 
evaporated  per  pound  of  coal  from  and  at  212  degrees  is 
increased  from  8.75  pounds  to  9.22  pounds,  or  5  per  cent.  If 
an  allowance  is  made  for  superheating  according  to  the  quantity 
of  heat  added,  the  results  become  respectively  9.10  pounds  and 
9.29  pounds.  The  increased  water-heating  surface,  therefore, 
secured  an  increase  of  2  per  cent,  in  the  amount  of  heat  derived 
from  the  coal.  On  the  whole,  then,  the  gain  in  evaporation 
is  largely  counterbalanced  by  the  loss  of  superheating,  and 
the  net  economical  result  appears  to  be  about  the  same  in  both 
cases. 

BoiLEB  No.  14. 

Kind  of  boilers, Horizontal  return  tubular. 

Number  used, Six. 

Horse-power  (collective,  basis  12  sq.  ft.) ,        Four  hundred  and  seventy. 

Kind  of  coal, \  Anthracite  Screenings  3  parts, 

i  Cumberland  Mtuminous  1  part. 
Age, Five  months. 

Dimejisions. 

Diameter  of  each  shell, 60     in. 

Length  between  heads  and  length  of  tubes, ....  15     ft. 

Number  of  tubes  (collective)  3  1-2  inches  outside  diameter,        348 

Area  of  heating  surface, 5,646     sq.  ft. 

Area  of  grate  surface, 150     sq.  ft. 

Area  through  tubes, 20     sq.  ft 

Height  of  chimney, 150     ft 

Width  of  air  spax^es  and  metal  bars  in  grates,      .        .        .         3-8     in. 
Ratio  of  heating  surface  to  grate  surface,     ....  37.6  to  1 

Ratio  of  grate  surface  to  tube  area, 7.5  to  1 

( Passages  in  walls  supplying  air  to 
Kind  of  brick  setting,    .        .        .      )     gj^es  of  furnace  and  top  of  bridge 

C    wall. 
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Resulta  of  Test.     (Two  days.) 

Test  No.  96. 

MaDner  of  start  and  stop  and  kind  of  run,    ....  Ordinary. 

Duration, 13.5     hrs. 

Coal  consumed  dry  (including  wood  equivalent),       .        .  20,476       lbs. 

Percentage  of  ash, 14.2     % 

Water  evaporated, %        .  163,705       lbs. 

Coal  per  hour, 1,516.7     lbs. 

Coal  per  hour  per  square  foot  of  grate,  10.1     lbs. 

Water  per  hour, 12,125.9     lbs. 

Water  per  hour  per  square  foot  of  heating  surface,     .  2.1     lbs. 

Horse-power  developed, 404.2    H.  P. 

Boiler  pressure, 86       lbs. 

Temperature  of  feed-water, 102       deg. 

Temperature  of  escaping  gases, 410       deg. 

Water  per  pound  of  coal, 7.99  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  9.18  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees, .  10.70  lbs. 

Note.  —  The  coal  when  fired  contained  5  per  cent,  of  water. 

Boiler  No.  14  differs  but  little  from  the  ordinary  form  of 
horizontal  tubular  boilers.  The  air  passages  in  the  walls  are 
supplied  through  pipes  laid  in  the  flue,  which  present  about 
3  per  cent,  as  much  surface  to  the  heat  of  the  gases  as  the  area 
of  heating  surface  in  the  boilers. 

The  results  furnish  an  indication  of  the  performance  of  a 
cheap  grade  of  fuel  in  a  furnace  which  is  claimed  to  be  specially 
adapted  for  economical  work. 

There  is  not  much  satisfaction  in  comparing  the  results 
obtained  on  different  boilers  where  inferior  grades  of  coal  are 
used,  for  the  reason  that  such  fuels  vary  much  in  quality. 
Compare,  for  example,  the  figures  obtained  on  this  test  with 
those  on  test  No.  18,  boiler  No.  9.  There  is  an  apparent 
advantage  of  this  boiler  over  the  other  of  about  15  per  cent., 
although  this  one  used  a  fuel  containing  a  weaker  proportion 
of  bituminous  coal.  Examination,  however,  reveals  the  fact 
that  in  the  test  No.  18,  supposing  the  Cumberland  coal  con- 
tained 7  per  cent,  of  ash,  the  screenings  contained  28  per  cent., 
and  in  the  test  under  consideration  (test  No.  26),  supposing  the 
same  ash  in  the  Cumberland  coal,  the  screenings  contained  only 
16  per  cent,  of  ash. 
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Boiler  No.  15. 

Kind  of  boiler, Vertical  tabular  with  firebox. 

Number  used, One. 

Ilorse-power  (basis  10  square  feet),     .  Twenty. 

Kind  of  coal, Anthracite  Lehigh,  Egg. 

Age, Four  months. 

Dimensions, 

Diameter  of  shell, 

Diameter  of  fire-box  and  grate,     . 

Height  between  heads  and  length  of  tubes, 

Number  of  tubes  2  inches  outside  diameter. 

Height  of  fire-box. 

Area  of  heating  surface  (total), 

Area  of  grate  surface,    . 

Area  through  tubes. 

Area-through  stack. 

Height  of  stack. 

Ratio  of  total  heating  surface  to  grate  surface, 

Ratio  of  grate  surface  to  tube  area. 


40 

in. 

33 

in. 

9  fL6  in. 

42 

24 

in. 

205 

sq.  ft 

6.1 

sq.  ft 

0.7 

sq.  ft. 

0.78 

sq.  ft. 

52 

ft 

33.5 

to  1 

8.7 

to  1 

Results  of  Tests. 

Test  No.  27. 

Test  Ko.  98. 

Manner  of  start  and  stop,    .        .        .        < 

Kind  of  nm, 

Duration, hrs. 

Coal  consumed  (including  wood  equiv- 
alent),      ......  lbs. 

Percentage  of  ash,        ....      % 

Water  evaporated,       ....   lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of 
grate, lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of 
total  heating  surface,        .        .        .   lbs. 

Ilorse-power  developed,      .        .         H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,        .        .  deg. 

Temperature  of  escaping  gases, .        .  deg. 

Water  per  pound  of  coal,     .        .        .  lbs. 

Water  per  pound  of  coal  from  and  at 
212  degrees, lbs. 

Water  per  pound  of  combustible  from 
and  at  212  degrees,  ....  lbs. 

Ordinary  with 
preliminary 
heating. 
Continuous. 
7.25 

664 
8.9 
6,676 
91.6 

15 
782.9 

88 
24.5 
89 
163 
596 
8.55 

9.30 

10.22 

Ordinary  with 
preliminary 
heating. 
Continuous. 
7.25 

404 
9.4 
3^597 
55.8 

9.1 
496.2 

2.42 
15.5 
91 
182 
446 
8.90 

9.52 

10.51 
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Boiler  No.  15  is  so  arranged  that  the  steam,  after  being  dis- 
charged from  the  steam  space,  passes  into  a  drum  which  is 
connected  with  the  shell  in  such  a  manner  that  the  superheat  is 
absorbed  by  the  water  and  the  steam  leaves  the  boiler  in  a  sat- 
urated state.  Twenty  per  cent,  of  the  total  surface  was  not 
covered  with  water,  but,  owing  to  this  provision,  its  super- 
heating effect  was  practically  nullified.  The  outside  of  the 
shell  was  protected  by  non-conducting  covering.  The  stack 
was  placed  directly  above  the  boiler,  being  supported  by  the 
upper  tube  sheet.  The  position  of  the  stack  interfered  with 
cleaning  the  tubes,  and  as  a  consequence  they  had  not  been 
brushed  out  since  the  boiler  was  started  four  months  before. 

These  tests  are  of  interest  in  showing  what  may  be  expected 
from  a  small  vertical  boiler  which  was  comparatively  new,  but 
which  had  not  received  special  care  to  keep  it  clean.  One 
thing  is  noticeable,  and  that  is  the  rapid  evaporation  per  square 
foot  of  heating  surface  and  the  high  rate  of  combustion  for  a 
low  stack,  and  still  the  boiler  was  worked  at  less  than  its  max- 
imum capacity.  The  vertical  type  of  boiler,  with  stack  directly 
above  it,  is  favorable  for  the  production  of  large  capacity  with 
a  feeble  draught,  for  there  is  no  hindrance  to  the  natural 
upward  current  of  the  products  of  combustion.  The  high  tem- 
perature of  the  waste  gases  is  a  feature  in\test  No.  27,  and 
this  is  doubtless  the  cause  of  the  relatively  low  evaporative 
result  obtained  on  that  test.  An  evaporation  of  10.22  pounds 
of  water  per  pound  of  combustible  from  and  at  212  degrees, 
however,  for  a  small  boiler  must  be  considered  under  the  cir- 
cumstances an  excellent  result. 

The  difference  in  the  results  of  the  two  tests,  in  one  of  which 
the  capacity  was  65  per  cent,  greater  than  in  tke  other,  is  not 
very  marked.  There  is  a  large  difference  in  the  waste  heat, 
but  evidently  the  loss  at  the  furnace  from  lower  furnace  tem- 
perature largely  offsets  the  gain  at  the  chimney  from  the  lower 
temperature  of  the  escaping  gases. 
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BOILEB  No.  16. 

Kind  of  boiler, **  Double-deck/^  hor.  ret.  tub. 

Number  used, One. 

Horse-power  (basis  15  square  feet),     .        One  hundred  and  fifty. 

Kind  of  coal, ^elaware  and  Lackawanna. 

i     Anthracite,  Broken. 
Age, New. 

Dimensions, 

Diameter  of  lower  shell, 66     in. 

Diameter  of  upper  shell, S6     in. 

Length  of  shells  and  tubes, 15     ft. 

Number  of  tubes  3  inches  outside  diameter,        .        .        .  172 

Area  of  water-heating  surface, 2,235     sq.  ft. 

Area  of  steam-heating  surface, 70     sq.  ft 

Area  through  tubes, 7.1  sq.  ft 

Area  of  grate  surface, 36.6  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,     .     Air  5-8  in.,  metal  1-2  in. 

Ratio  of  water-heating  surface  to  grate  surface, .        .        .  60.9  to  1 

Ratio  of  steam-heating  surface  to  grate  surface,         .  2     to  1 

Ratio  of  grate  to  tube  area, 5.2  to  1 

Kind  of  brick  setting, Common. 


Results  of  Test.     (Average  of  two. ) 

Test  No.  39. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration, 11.7    hrs. 

Coal  consumed  (including  wood  equivalent),      .        .        .  6,237       lbs. 

Percentage  of  ash, 8-1    % 

Water  evaporated, 56,388       lbs. 

Coal  per  hour, 530.8    lbs. 

Coal  per  hour  per  square  foot  of  grate,       ....  14.5    lbs. 

Water  per  hour, 4,799       lbs. 

Water  per  hour  per  square  foot  of  water-heating  surface, .  2.1    lbs. 

Horse-power  developed, 155.1     H.  P. 

Boiler  pressure, 79       lbs. 

Temperature  of  feed-water, 132       deg. 

Temperature  of  escaping  gases, 373       deg. 

Percentage  of  moisture  in  steam, 0.3    % 

Water  per  pound  of  coal, 9.04  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,     .        .  9.76  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  11.00  lbs. 
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Boiler  No.  16  is  similar  to  No.  11  and  others  already  referred 
to  of  the  double-deck  type. 

The  results  obtained  on  test  No.  29  show  a  good  degree  of 
economy,  but  they  are  not  superior  to  those  obtained  in 
numerous  cases  from  horizontal  tubular  boilers  of  the  ordinary 
^pe  containing  a  much  less  area  of  heating  surface.  On 
account  of  the  large  area  of  the  tube  opening  compared  with 
grate  surface,  elsewhere  noted,  the  heating  surface  is  to  some 
extent  inefficient.  The  tests  were  made  with  dampers  wide 
open.     The  chimney  was  of  ample  area  and  70  feet  in  height. 

The  horse-power  developed  was  somewhat  in  excess  of  the 
nominal  power.  It  appears,  however,  that  the  capacity  was 
not  sufficiently  in  excess  of  the  nominal  to  make  the  boiler 
capable  of  maintaining  its  nominal  power  in  the  exigencies  of 
ordinary  work,  without  the  most  careful  attention  on  the  part 
of  the  fireman. 


Boiler  No.  17. 

Band  of  boiler, Horizontal  tubular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        One  hundred. 

(  Anthracite  Pea  and  Dost  3  parts, 
Kind  of  coal, .        .     '  .  .     <^     George^s  Creek  Cumberland  1 

C     part. 
Age, .        New. 


Dimensions, 

Diameter  of  shell, 72     in. 

Length  between  heads  and  length  of  tubes,        ...  15     ft. 

Number  of  tubes  4  inches  outside  diameter,        ...  70 

Area  of  heating  siuface, 1,189     sq.  ft. 

Area  of  grate  surface, 36     sq.  ft. 

Area  through  tubes, 5.3  sq.  ft. 

Area  through  chinmej, 5.9  sq.  ft. 

Height  of  chimney, 60     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,     .  Air  7-16  in.,  metal  3-8  in. 

Ratio  of  heating  surface  to  grate  surface,    .  33     to  1 

Ratio  of  grate  surface  to  tube  area, 6.7  to  1 

Kind  of  brick  setting,    ....    Detached  furnace,  forced  draught. 
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Results  of  TeMs. 


I 


Teat  No.  SO. 


Test  No.  n. 


Conditaons  as  to  draught,     . 
Manner  of  start  and  stop,    . 


Kind  of  run,         .... 

Duration, 

Coal  consumed  dry  (including  wood 

equivalent),      .... 
Percentage  of  ash. 
Water  evaporated. 
Coal  per  hour,      .... 
Coal  per  hour  per  square  foot  of  grate 
Water  per  hour,  .... 
Water  per  hoiu"  per  square  foot  heat 

ing  surface,       .... 
Horse-power  developed, 
Boiler  pressure,    .... 
Temperature  of  feed-water. 
Temperature  of  escaping  gases, . 
Water  per  pound  of  coal,     . 
Water  per  ix)und  of  coal  from  and  at 

212  degrees,      .... 
Water  per  pound  of  combustible  from 

and  at  212  degrees,  . 


hrs. 


lbs. 

% 
lbs. 

lbs. 

lbs. 

lbs. 


lbs. 

H.P. 

lbs. 


deg. 

deg. 

lbs. 

lbs. 

lbs. 


Natural  draft 
Ordinary  with 
preliminary 
heating. 
Continuous. 
7.2 

2,750 
11 
21,876 
379.4 
10.5 
8,017.4 

2.6 
106.6 
70 
51 
395 
7.95 

9.54 

10.73 


Forced  draft 
Ordinary  with 
preliminary 
neating. 
Continuous. 
7.6 

3,430 

9.6 

27,869 

467.4 

12.7 

3,715.9 

3.1 

130 

71 

62 

400 

8.12 

9.74 

10.79 


Note. — The  coal  was  wet  before  firing,  and  the  "weight  was  increased 
by  this  means  about  6  per  cent. 


Boiler  No.  17  has  the  same  general  arrangement  of  the  fur- 
nace with  reference  to  the  tube  surface  as  the  locomotive  type 
of  lK)iler.  The  products  of  combustion,  after  passing  forward 
through  the  tubes,  return  beneath  the  shell  and  enter  the 
chimney  from  the  front  end.  The  forced  draught  is  secured 
by  a  fan  which  discharges  the  blast  under  the  grates.  The 
blast  is  in  a  measure  a  warm  blast,  the  air  first  passing  through 
a  pipe  in  the  flue,  whose  heating  surface  amounts  to  15  per 
cent,  of  the  area  of  heating  surface  in  the  boilers.  The  tem- 
perature of  the  air  supj)lied  for  combustion  was  by  this  means 
increased  from  30  de^n'ees  to  50  decrees . 

These  tests  furnish  a  comparison  between  the  use  of  natural 
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draught  and  forced  draught,  in  a  case  where  the  fuel  was 
largely  composed  of  anthracite  screenings.  The  lx)iler  worked 
to  fully  its  rated  power  on  the  natural  di^ught  test  and  to 
25  per  cent,  higher  rate  on  the  forced  draugnt  test,  and  here 
the  conditions  are  not  precisely  the  same.  There  is  a  slight 
gain,  amounting  to.  2  per  cent.,  shown  in  favor  of  the  forced 
draught,  when  figured  on  the  evaporation  per  pound  of  coal, 
but  the  results  are  practically  identical  when  ^gured  on  com- 
bustible. There  appears  on  the  whole  to  be  no  marked  gain 
in  favor  of  either  method,  and  the  question  arises  whether  this 
goes  to  show  that  the  heating  of  the  air  in  the  case  of  the 
forced  draught  test  was  ineffective,  or  whether  this  heating  was 
beneficial  and  the  gain  which  it  produced  was  offset  by  loss 
due  to  forced  draught.  With  forced  draught  there  is  a  chance 
for  loss  from  excessive  supply  of  air  at  times  when  the  bed  of 
coal  is  allowed  to  become  too  thin,  or  when  it  burns  through  to 
the  grate.  Loss  may  occur  from  this  cause  whatever  the 
nature  of  the  draught,  but  it  is  liable  to  be  greater  in  the  case 
of  forced  draught  on  account  of  the  greater  quantity  and  force 
of  air  which  is  supplied.  For  this  reason  the  results  obtained 
with  natural  draught,  under  ordinary  conditions,  would  be 
expected  to  be  better  than  those  obtained  with  forced  draught. 

The  unusually  low  percentage  of  ash  for  this  gi'ade  of  fuel 
indicates  that  the  coal  was  of  excellent  quality.  It  would  be 
reasonable  to  expect,  then,  unusually  high  efficiency.  There  is 
nothing  unusual,  however,  in  the  general  character  of  the 
results,  and  the  conclusion  may  be  drawn  that  the  use  of  a 
detached  furnace  is  not  advantageous.  One  source  of  loss  in 
this  arrangement,  which  may  be  of  a  serious  nature,  is  the 
radiation  of  heat  from  the  top  and  sides  of  the  furnace.  The 
inside  of  the  furnace  is  necessarily  heated  to  a  high  degree, 
and  there  is  much  greater  liability  to  loss  from  external  radia- 
tion than  in  the  case  of  the  ordinary  method  of  setting.  In 
the  ordinary  case  the  temperature  is  kept  down  by  the  com- 
paratively large  extent  of  boiler  surface  in  the  more  immediate 
neighborhood  of  the  fuel. 

A  subsequent  test  was  made,  using   screenings  alone  and 
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forced  draught  (the  screenings  being  wet  7  per  cent,  before 
firing) .  The  percentage  of  ash  was  15  per  cent. ;  the  horse- 
power developed  ws  the  same  as  in  test  No.  30 ;  the  tempera- 
ture of  the  escapmg  gases  356  degrees  (39  degrees  lower  than 
that  of  test  No.  30).  The  evaporation  from  and  at  212  degrees 
was  8.17  pounds  per  pound  of  coal  and  9.63  pounds  per 
pound  of  combustible.  It  is  not  certain  that  the  screenings 
here  used  were ^f  the  same  quality  (though  of  the  same  name) 
as  those  used  in  the  mixture  tests ;  nevertheless,  a  large  gain 
appears  to  have  been  produced  by  the  introduction  of  25  per 
cent,  of  Cumberland  coal.  The  increase,  figured  upon  com- 
bustible, is  about  11  per  cent. 


Boiler  No.  18. 

Kind  of  boiler, Horizontal  return  tabular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        .  Seventy-four. 

Age, Two  months. 

Dimensions, 

Diameter  of  each  shell, 60  in. 

Length  between  heads  and  length  of  tubes,          ...  15  ft. 

Number  of  tubes  3  inches  outside  diameter,         ...  66 

Area  of  heating  surface, 890  sq.  ft. 

Area  of  grate  surface, 25.7  sq.  ft. 

Area  through  tubes, 2.7  sq.  ft 

Area  through  chimney, 7  sq.  ft. 

Height  of  chimney, 90  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .     Air  3-8  in.,  metal  1-2  in. 

Distance  of  grate  to  shell, 26  in. 

Distance  of  flat  bridge  wall  to  shell, 9  in. 

Character  of  space  behind  bridge  wall,        .      \^^^^y    fi"«d,    inclined 

I     covermg. 

Ratio  of  heating  surface  to  grate  surface,     ....  34.6  to  1 

Ratio  of  grate  surface  to  tube  area, 9.4  to  1 

Kind  of  brick  setting c  Common,  with  air  admitted 

{at  bridge  wall. 
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Results  of  Tests, 


Test  No.  83. 


Test  No.  88. 


Test  No.  84. 


Kind  of  coal, 


{ 


Maimer  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal  consumed  dry  (including  wood 

equivalent), lbs. 

Percentage  of  ash,  ....  % 
Water  evaporated,  ....  lbs. 
Coal  per  hour, .  .  .  .  .  lbs. 
Coal  per  hour  per  sq.  ft.  of  grate,  .  lbs. 
Water  per  hour,  ....  lbs. 
Water  per  hour  per  square  foot  of 

heating  surface,  ....  lbs. 
Horse-power  developed, .  H.  P. 

Boiler  pressure,  ....  lbs. 
Temperature  of  feed-water,  .  .  deg. 
Temperature  of  escaping  gases,  .  deg. 
Percentage  of  moisture  m  steam,  .  % 
Water  per  pound  of  coal,  .  lbs. 

Water  per  pound  of  coal  from  and 

at  212  degrees,  ....  lbs. 
Water  per  pound  of  combustible 

from  and  at  212  degrees,     .        .  lbs. 


George's 
Creek  Cum- 
berland, Bi- 
taminoofl. 

Ordinary. 
14 

6,659 

6.6 

66,565 

498.6 

18.2 

4,039.7 

4.6 
143.8 
66 
40 
453 
0.3 
8.62 

10.43 

11.17 


Lehigh  Egg, 
Anthrmoite. 


Ordinary. 
17.6 

6,309 

9.4 
63,163 
360.6 
14 
3,037.3 

3.4 
106.6 

62 

40 
349 

8.42 

10.18 

11.24 


EqtMl  parU 
Anthracite 
Screenings, 
ftComberi'd. 

Ordinary. 
14.5 

6,102 

13.5 

39,668 

351.9 

13.7 

2,735.1 

3.1 
95.1 
65 
42 
343 

7.77 

9.39 

10.86 


Boiler  No.  18  is  unlike  the  ordinary  horizontal  tubular 
boiler  in  being  provided  with  a  water  leg  which  forms  the 
front  wall  of  the  furnace.  This  feature,  however,  does  not 
change  the  general  character  of  the  boiler.  The  air  which  is 
supplied  to  the  bridge  wall  enters  directly  from  the  outside,  and 
discharges  through  perforated  spherical  iron  surfaces  at  the 
bridge  wall  which  are  exposed  to  the  products  of  combustion 
as  they  leave  the  furnace.  The  quantity  of  air  which  would 
naturally  enter  by  the  action  of  the  draught  is  increased  by 
means  of  a  jet  of  steam  which  discharges  into  the  supply  pipe, 
and  the  steam  thus  used  mingles  with  the  air  and  enters  the 
furnace  along  with  it. 

The  results  of  the  tests  are  chiefly  interesting  since  they 
show  the  quantity  of  power  that  can  be  obtained  from  a  boiler 
of  the  horizontal  return  tubular  form,  using  various  kinds  of 
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coal.  The  chimney  gave  a  draught  corresponding  to  three- 
eighths  of  an  inch  water  pressure,  and  the  damper  was  carried 
wide  open  on  all  the  tests,  so  as  to  secure  its  full  capacity. 
Moreover,  the  fires  were  well  tended  so  that  they  should  do  their 
maximum  work,  being  frequently  broken  up  and  sliced,  not 
only  when  the  bituminous  coals  were  burned,  but  also  when 
anthracite  coal  was  burned.  Under  these  conditions  the 
developed  power,  when  Cumberland  coal  was  used,  was  nearly 
two  times  the  rated  power ;  when  Anthracite  Lehigh  was  used 
it  was  nearly  50  per  cent,  larger,  and  when  the  mixture  of 
equal  parts  of  Screenings  and  Cumberland  coal  was  burned  it 
was  nearly  one-third  larger.  Compared  among  themselves  the 
Cumberland  coal  developed  36  per  cent,  more  power  than  the 
Anthracite  coal  and  50  per  cent,  more  power  than  the  mixture. 
These  are  valuable  indications  of  the  relative  capacity  of  the 
difierent  fuels  named. 

As  to  economy  the  fuels  cannot  fairly  be  compared,  because 
so  much  difference  exists  in  the  amount  of  power  developed, 
especially  in  the  case  of  the  Cumberland  coal.  A  high  degree 
of  economy  is  shown  in  the  case  of  the  Anthracite  coal,  consid- 
ering the  large  power  developed.  The  rate  of  combustion  is 
14  pounds  per  square  foot  of  grate  per  hour,  and  this  is  high. 
The  temperature  of  the  escaping  gases  is  349  degrees,  and  this 
is  low.  These  are  two  vital  elements  which  enter  into  the 
conditions  favoring  economy. 

A  subsequent  test  was  made  to  determine  the  effect  produced 
upon  the  economy  of  the  boiler  by  dispensing  with  the  admis- 
sion of  air  at  the  bridge  wall.  The  test  was  made  when  using 
Cumberland  coal,  and  the  principal  results  obtained  were  as 
follows :  — 

Coal  per  hour  per  square  foot  of  grate, 

Percentage  of  ash, . 

Ilorse-power  developed. 

Temperature  of  feed-water,  . 

Temperature  of  escaping  gases. 

Water  per  pound  of  coal, 

Water  per  pound  of  coal  from  and  at  212  degrees, 

Water  per  pound  of  combustible  from  and  at  212  degrees. 


18.8 

lbs. 

7 

% 

135 

H.P 

40 

deg. 

486 

deg. 

7.94  lbs. 

9.62  lbs. 

10.34  lbs. 
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The  disuse  of  air  at  the  bridge  wall  produced  a  marked 
effect  upon  the  economy.  The  evaporation  per  pound  of  coal 
was  reduced  nearly  8  per  cent. 

An  interesting  feature  in  these  results  appears  in  the  gain 
which  occuri'ed  in  the  temperature  of  the  escaping  gases.  Tlie 
exclusion  of  the  air  was  attended  by  an  increase  in  this  temper- 
ature of  33  degrees. 

Boiler  No.  19. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .  Fifty-five. 

Kind  of  coal,  .        .        .        .        .  Anthracite  Lehigh,  Broken. 

Age, Several  years. 


Dimensions. 


Diameter  of  each  shell,         .... 
Length  between  heads  and  length  of  tubes, 
Number  of  tubes  3  inches  outside  diameter, 
Area  of  water-heating  surface, 
Area  of  steam-heating  surface, 

Area  of  grate  surface, 

Area  through  tubes, 

Width  of  air  spaces  and  metal  bars  in  grates. 
Distance  of  grate  to  shell,     .... 
Distance  of  curved  bridge  wall  to  shell. 
Character  of  space  behind  bridge  wall. 
Ratio  of  water-heating  surface  to  grate  surface. 
Ratio  of  steam-neating  surface  to  grate  surface, 
Ratio  of  grate  to  tube  area,   .... 
Kind  of  brick  setting, 


48 

in. 

16 

ft. 

48 

G56 

sq.  ft. 

80 

sq.  ft. 

19.5 

sq.  ft. 

2 

sq.  ft. 

3-8 

in. 

24 

in. 

8 

in. 

Filled. 

33.5  to  1 

4.1  tol 

9.7  tol 

Common. 
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BesuUs  of  Tests. 


Test  No. ». 


TestKo.aC. 


Conditions, < 

Manner  of  start  and  stop,    .... 

Kind  of  ran, 

Duration, hrs. 

Coal  consumed  (including  wood  equiv- 
alent), .  .  lbs. 

Percentage  of  ash,       ....      % 

Water  evaporated,       ....  lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  sq.  ft  of  grate,       .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  squacp  foot  water- 
heating  surface,        ....  lbs. 

Horse-power  developed,  H.P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .  deg. 

Temperature  of  escaping  gases,  .  deg. 

Water  per  pound  of  coal,    .        .        .  lbs. 

Water  per  pound  of  coal  from  and  at 
212  degrees, lbs. 

Water  per  pound  of  combustible  from 
and  at  212  degrees,  ....   lbs. 


Hand  regu- 
lation or 
drau^t. 
Ordmary. 
Continuous. 
10.2 

987 

13.1 

8,638 

91.9 

4.7 

846.9 

1.8 
25.1 
46 
200 
297 
9.22 

9.57 

11.01 


Automatic 
regulation 
of  draught 
Ordinary. 
Continuobs. 
10 

980 

14.1 

9,263 

91.3 

4.7 

926.3 

1.4 

27.8 

47 
200 
299 
9.45 

9.81 

11.42 


Boiler  No.  19  has  a  flue  which  carries  the  escaping  gases 
over  the  top  of  the  shell,  thus  providing  steam-heating  surface. 
This  surface,  as  elsewhere  noted,  is  probably  inefficient  on 
account  of  the  facility  offered  for  the  deposit  of  soot. 

A  comparison  of  tests  Nos.  35  and  36  brings  out  the  favor- 
able effect  produced  by  automatic  regulation  of  the  draught 
over  hand  regulation.  It  is  a  difficult  matter  to  show  by  means 
of  a  test  the  economy  produced  by  automatic  regulation,  there 
is  so  much  depending  upon  the  personal  element  in  the  case  of 
the  hand  regulation.  One  method  should  produce  the  same 
result  as  the  other,  provided  the  person  to  whom  the  hand 
regulation  is  intrusted  does  the  work  with  the  same  efficiency 
as  that  secured  by  the  automatic  device.  These  tests  clearly 
reveal  the  fact  that  an  unsteady  draught,  such  as  attends  ineffi- 
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cient  hand  regulation,  has  a  tendency  to  produce  a  lower  measure 
of  economy,  though  the  actual  amount  of  loss  may  vary  a  large 
amount.  Tests  on  other  plants  gave  a  result  in  some  cases 
favorable  to  automatic  regulation,  and  in  some  cases  favorable 
to  hand  regulation.  It  may  be  said  that  the  hand  regulation 
which  occurs  during  the  unusual  state  of  things  which  accom- 
panies an  evaporative  test,  when  the  fireman  may  perhaps  have 
an  incentive  to  do  his  best,  is  a  different  thing  from  the  hand 
regulation  which  would  obtain  in  the  common  work  of  firing. 
These  tests  show  the  performance  of  a  small-sized  horizontal 
return  tubular  boiler  which  was  in  good  condition,  though 
having  been  a  number  of  years  in  use,  and  which  was  fired 
with  an  excellent  grade  of  anthracite  coal.  The  boiler  was 
worked  at  low  capacity,  bi^t  tl^is  did  not  seem  to  reduce  the 
economy  to  any  great  extent,  for  a  subsequent  test,  made  under 
conditions  of  automatic  regulation  of  the  draught,  when  the 
rate  of  combustion  was  8.8  pounds  of  coal  per  square  foot  of 
grate  per  hour,  the  horse-power  49.3,  and  the  temi)crature  of 
the  escaping  gases  340  degrees,  gave  an  evaporation  of  11.62 
pounds  of  water  from  and  at  212  degrees  per  pound  of  com- 
bustible. 


Boiler  No.  20. 

Kind  of  boiler, Horizontal  return  tabular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        .        Fifty-three. 
Age, Several  years. 

Dimensions. 

Diameter  of  shell, 48     in. 

Length  between  heads  and  length  of  tubes, ....  15     ft. 

Number  of  tubes  3  inches  outside  diameter,         ...  49 

Area  of  heating  surface, 639     sq.  ft. 

Area  of  grate  surface, 18     sq.  ft. 

Area  through  tubes, 2     sq.  ft. 

Ratio  of  heating  surface  to  grate  surface,     ....  35.5  to  1 

Ratio  of  grate  to  tube  area,   .        .       , 8.9  to  1 

Kind  of  setting  for  coal, Common. 
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Results  of  Tests. 


Test  No.  87. 

Tut  Ko.  n. 

Kind  of  fuel, \ 

Anthracite, 
Broken. 

Petroleum 
Oil. 

Maimer  of  start  and  stop  and  kind  of  run. 

Ordinary. 

Ordinary. 

Duration, hrs. 

10 

10 

Fuel  consumed, lbs. 

986 

1,866 

Percentage  of  ash  in  coal,   ...      % 

16 

— 

Water  evaporated,       ....  lbs. 

8,493 

15,787 

Fuel  per  hour, lbs. 

98.6 

136.5 

Fuel  per  hour  per  square  foot  of  grate,  lbs. 

6.7 

— 

Water  per  hour, lbs. 

849.3 

1,678.7 

Water  per  hour  per  square  foot  of 

heating  surface,        ....  lbs. 

1.3 

2.5 

Horse-power  developed,              .        H.  P. 

25.6 

47.4 

Boiler  pressure lbs. 

69 

62 

Temperature  of  feed-water,        .        .  deg. 

208 

208 

Water  per  pound  of  fuel,    .        .        .  lbs. 

8.61 

11.56 

Water  per  pound  of  fuel  from  and  at 
212  degrees, lbs. 

8.91 

11.96 

Water  per  pound  of  combustible  from 

and  at  212  degrees,  ....  lbs. 

10.48 

^ 

The  tests  on  boiler  No.  20  exhibit  the  performance  of  a  crude 
petroleum  oil,  in  comparison  with  anthracite  coal.  The  appa- 
ratus used  for  burning  the  oil  consisted  of  a  burner  to  which 
the  oil  was  brought  by  gravity,  and  from  which  it  was  injected 
into  the  furnace  by  means  of  a  jet  of  superheated  steam.  The 
steam  was  derived  from  the  boiler,  and  the  superheat  from  a 
heater  in  the  furnace.  The  grates  commonly  used  were  cov- 
ered with  bricks,  and  the  air  for  combustion  entered  through 
the  doorways  of  the  furnace,  the  doors  being  removed.  The 
space  around  the  pipes  connected  with  the  apparatus,  which 
passed  through  the  doorways,  was  open.  During  the  test  the 
damper  was  wide  open.  The  quantity  of  steam  used  in  the 
burner  amounted  to  15  per  cent,  of  the  total  generated  by  the 
boiler.  The  actual  evaporation  has  been  corrected  for  this 
quantity  of  steam,  the  record  giving  the  net  quantities. 

The  results  of  the  tests  show  a  higher  evaporation  per  pound 
of  fuel  in  the  case  of  oil  than  in  the  case  of  coal,  the  increase 
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being  34.2  per  cent.  The  quantity  of  fuel  required  to  evapo- 
rate a  given  quantity  of  water  —  say  30,000  pounds  —  from 
and  at  212  degrees  in  the  two  cases,  according  to  these  results, 
is  3,367  pounds  or  1.5  tons  of  coal,  and  2,509  pounds  or  386 
gallons  of  oil.  The  coal  at  $5  per  ton  costs  $7.50.  The  price 
of  oil  per  gallon  required  to  make  the  total  cost  of  oil  a  like 
amount  is  1.9  cents.  The  employment  of  a  liquid  fuel  serves 
to  reduce  to  a  minimum  the  labor  attending  the  firing  and 
care  of  a  plant  of  boilers.  A  plant  of  1,000  horse-power 
in  a  mill  running  10  hours  per  day  requires  two  firemen  for 
day  run,  two  helpers  for  wheeling  coal,  and  one  night  hand  for 
banking,  removing  ashes,  and  preparing  the  morning  fires. 
The  use  of  oil  suitably  arranged  requires  only  one  man,  and 
dispenses  with  the  labor  of  the  remaining  four.  The  saving  in 
cost  of  labor  thus  realized  represents  about  10  per  cent,  of  the 
cost  of  the  fuel,  when  coal  is  $5  per  ton  and  12  tons  of  coal  are 
burned  per  day.  This  element  in  the  problem  should  not  be 
disregarded  when  making  a  comparison  of  the  relative  economy 
of  the  two  kinds  of  fuel.  In  the  case  of  these  tests  it  makes 
the  price  of  oil  for  the  plant  noted  2.18  cents  per  gallon  to 
equal  the  performance  of  coal  at  $5  per  ton. 


Boiler  No.  21. 

Kind  of  boiler, Horizontal  return  tabular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        .        Sixty. 

Kind  of  coal, Anthracite  Lehigh,  Broken. 

Dimerisions. 

Diameter  of  shell, 48     in. 

Leng^  between  heads  and  length  of  tubes, ....  16     ft 

Number  of  tubes  3  inches  outside  diameter,         ...  48 

Area  of  heating  surface, 733     sq.  ft. 

Area  of  grate  surface, 19.5  sq.  ft. 

Area  through  tubes, 2     sq.  ft. 

Ratio  of  heating  surface  to  grate  surface,    .               .        .  37.6  to  1 

Ratio  of  grate  surface  to  tube  area, 9.7  to  1 

Kind  of  brick  setting, Common. 


13ft 


o/ 


TtatXo.¥t. 


(I 

Condiiiofift,  •  s'^ 

(air 

^Immier  of  sUrt  and  stc^ I  Oidmiury. 

Kind  of  miL, ;  Contmiioiis. 

DimtioiL, his.  j  9^ 

Coal  ooDSumed, lbs.  j  1^23 

Percentage  of  aeh, %  |  12^ 

Water  eraporated, lbs.  j  15,935 

Coal  per  hour, lbs.  170.8 

Coal  per  hour  per  <qiure  fool  of  grate,     .  lbs.  ]  8.7 

Water  per  hoar .^       .  lbs.  ■  1,677.8 

Water  per  hoar  per  square  foot  of  hesling  I 

surface, lbs.  I  2.8 

Ilorse-power  developed,             .                 H.  P.  50.8 

BoOer  pressure, lbs.  !  47 

Temperature  of  feed-water,                        .  dc^.  •  203 

Temperature  of  escaping  gsses,                 .  deg.  ;  340 

Water  per  pound  of  ooaH   ....  Ibe.  i  9.83 
Water  per  pound  of  coal  from  and  at  212           I 

degrees, lbs,  !  10.17 

Water  per  pound  of  combustible  from  and 

at  212  degrees, lbs.  '  11.63 


Grates  with 
60  per  cent 
air  space. 
Onnnary. 
Cootinnous. 
9.7 
1,643 
13.9 
15^^97 
168  J^ 
8.6 
1,607.9 

2.3 
48.2 
46 
200 
348 
9.49 

9.85 

11.44 


The  tests  on  boiler  No.  21  show  the  effect  which  the  type  of 
grates  may  have  upon  the  economy.  The  principal  difference 
in  the  two  grates  lay  in  the  proportion  of  air  space,  in  one  of 
which  it  was  10  per  cent,  more  than  in  the  other.  The  grates 
with  50  per  cent,  air  space  evaporated  about  2  per  cent,  more 
water  per  pound  of  combustible  than  those  with  60  per  cent, 
air  space. 

Similar  tests  were  made  to  determine  the  effect  produced 
with  a  much  slower  rate  of  combustion.  Here  the  gain  due  to 
the  smaller  air  space  was  8  per  cent.  This  shows  that  the 
slower  the  rate  of  combustion  the  smaller  the  amount  of  open- 
ing for  draught  should  be  through  the  grates.  It  is  a  little 
difficult  to  explain  why  this  effect  should  be  produced.  The 
simplest  explanation  is  that  the  large  opening  allows  a  much 
greater  excess  of  air  to  enter  the  furnace  than  is  admitted  when 
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the  opening  is  contracted.  There  is  always  an  excess  of  air 
over  that  required  for  chemically  perfect  combustion,  and  this 
excess  induces  a  loss.  The  greater  the  excess  the  greater  the 
loss. 


Boiler  No.  22. 

Kind  of  boiler, Vertical  tabular. 

Number  used, One. 

Horse-power  (basis  10  square  feet),     ....  Seventy-five. 

Age, New. 

Dimensions. 

Diameter  of  shell, 64     in. 

Height  of  shell  and  length  of  tubes, 14     ft. 

Number  of  tubes  2  1-2  inches  outside  diameter,  ...         88 

Diameter  of  brick  furnace, 54     in. 

Area  of  water-heating  surface, 513     sq.  ft. 

Area  of  steam-heating  surface, 248     sq.  ft 

Area  of  grate  surface, 15.9  sq.  ft. 

Area  through  tubes, 2.4  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .       Air  5-8  in.,  metal  8-4  in. 

Area  through  stacks 5.9  sq.  ft. 

Height  of  stack, 60     ft. 

Distance  from  grate  to  tube  sheet, 4     ft 

Ratio  of  water-heating  surface  to  grate  surface, .  .         32.3  to  1 

Ratio  of  steam-heating  surface  to  grate  surface, .  15.6  to  1 

Ratio  of  grate  to  tube  area,   .        .  ....  6.5  to  1 
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BetulU  of  Tetta. 


* 

Kind  of  coal, } 

Draught, 

Manner  of  start  and  stop,        .  < 

Kind  of  run, 

Duration, hrs. 

Coal  consumed  dry  (including  wood 

equivalent), lbs. 

Percentage  of  ash,  ....  % 
Water  evaporated,  ....  lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  sq.  ft.  of  grate,  .  lbs. 
Water  per  hour,  ....  lbs. 
Water  per  hour  per  square  foot  of 

water-heating  surface,  .  .  lbs. 
Horse-power  developed, .  .  H.  P. 
Boiler  pressure,  ....  lbs. 
Temperature  of  feed-water,  .  .  deg. 
Temperature  of  escaping  gases,  .  deg. 
Number  of  degrees  ot  superheating,  deg. 
Water  per  pound  of  coai,  .  .  lbs. 
Water  per  pound  of  coal  from  and 

at  212  degrees,  ....  lbs. 
Water  per  pound  of  combustible 

from  and  at  212  degrees,     .        .  lbs. 


TMtKo.41. 


TMtNo.4S. 


Test  No. «. 


Anthracite 
Schnylkfll, 
Broken. 

Natnna. 

Ordinary  with 

preliminaiy 

heating. 

Contlnaoas. 

10 

2,452 

11.6 

19,588 

245.2 

15.4 

1,958.3 

3.8 
64.3 
61 
125 

478 
42 
7.98 

8.95 

10.13 


Anthradte 
SchnylkUI, 
Broken. 

Forced. 

Ordinary  with 
preliminary 
heatinff. 
Contlnooiu. 

10.7 

4,134 

13.6 

29,846 

384.5 

24.1 

2,776.4 

5.4 
91.2 
73.2 
125 
573 
59 
7.21 

8.10 

9.38 


Anthracite 
Sdinylkm, 
Screenlaga. 
Forced. 

Ordinary  witb 

preliminary 

heattnff. 

OODtlniKMU. 

7.7 

3,010 

13.4 

19,937 

392.4 

24.7 

2^99.4 

5.1 
85.4 
73.1 
124 
505 
51 
6.62 

7.45 

8.61 


Boiler  No.  22  is  provided  with  a  brick  furnace,  and  the  out- 
side of  the  shell  is  protected  with  a  somewhat  inefficient  cover- 
ing of  cement. 

The  forced  draught  is  produced  by  a  fan  which  discharges 
into  the  ash-pit.  The  grates  used  for  burning  screenings  are 
different  from  those  used  for  the  other  fuels.  A  plate  was 
employed  which  was  perforated  with  half-inch  holes,  located 
1^  inches  from  centre  to  centre. 

The  tubes  of  the  boiler  were  not  cleaned  during  the  tests, 
and  had  not  been  cleaned  since  the  Iwiler  was  started  two 
weeks  before. 

The  results  of  the  tests  show  a  low  grade  of  economy,  the 
cause  of  which  is  seen  in  the  high  temperature  of  escaping 
gases.     This  is  due  in  part  to  the  type  of  boiler  and  in  part  to 
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the  evident  dirty  condition  of  the  surfaces  and  to  radiation 
from  the  shell. 

The  tests  are  chiefly  interesting  on  account  of  the  compari- 
son which  is  afibrded  by  the  employment  of  a  high  rate  of 
combustion  with  forced  draught,  and  the  use  of  screenings 
with  a  blast.  The  amount  of  power  developed  was  increased 
by  the  use  of  the  fan  from  64.3  horse-power  to  91.2  horse- 
power—  an  increase  of  42  per  cent.  — and  the  efiective  evap- 
oration per  pound  of  coal  was  reduced  7.5  per  cent.  No 
allowance  is  here  made  for  the  cost  of  running  the  fan.  The 
temperature  of  the  escaping  gases  was  increased  95  degrees  by 
the  increased  rate  of  combustion,  and  the  degree  attained  is 
very  high  and  wasteful.  Referring  to  tests  Nos.  23  and  24, 
which  were  of  a  similar  character,  though  made  on  a  vertical 
boiler  of  quite  difierent  proportions,  it  is  seen  that  the  relation 
of  water-heating  surface  to  grate  surface  has  an  important 
bearing  upon  the  economy  of  this  type  of  boiler.  In  boiler 
No.  12,  there  referred  to,  the  ratio  is  20.6  to  1.  In  this  boiler 
(boiler  No.  22)  it  is  32.3  to  1.  Here  40  per  cent,  higher  rate 
of  combustion  is  obtained,  with  a  gain  in  evaporation  per 
pound  of  combustible  from  and  at  212  degrees  (not  allowing 
for  superheating),  from  8.18  pounds  to  9.38  pounds,  and  this 
gain  is  evidently  due,  in  a  large  measure,  to  the  improved 
proportion  of  heating  surface  to  grate  surface. 

The  result;  obtained  by  the  use  of  screenings  is  favorable 
when  compared  with  those  obtained  with  the  standard  anthra- 
cite coal.  With  the  same  rate  of  combustion,  the  evaporation 
with  screenings  is  only  8  per  cent,  less  than  that  with  coal. 
The  percentage  of  air  space  in  the  screenings  grate  was  only 
14  per  cent.,  while  that  in  the  coftl  grate  was  45  per  cent.  It 
is  not  improbable  that  the  small  space  in  the  former  produced 
a  favorable  result. 

Boiler  No.  23. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used, One. . 

Horse-power  (basis  12  square  feet),     .        .  Eighty-seven. 

Age, Eight  months. 
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Dimensions. 
Diameter  of  shell, 

Length  of  main  shell  between  heads, 

Kunber  of  tubes  3  inches  outside  diameter, 

Length  of  52  tubes, 

Length  of  55  tubes, 

Area  of  heating  surface, 

Area  of  grate  surface, 

Least  area  for  draught  through  tubes, 

Area  throu^  chimney, 

Height  of  chinmey, 

Width  of  air  spaces  and  metal  bars  in  grates. 

Distance  of  grate  to  shell, 

Distance  of  bridge  wall  to  shell, 

Ratio  of  heating  surface  to  grate  surface 

Ratio  of  grate  to  tube  area, 11.6  to  1 

Kind  of  brick  setting,    ...     J  P»»«g«»  in  walls  suppling  Mr  to 

c     sides  of  furnace  and  bridge  wall. 

BesuUs  of  Teste. 


66 

m. 

10 

ft 

107 

10 

ft 

13 

ft 

1,041 

sq. 

ft 

24.7 

sq. 

ft 

2.1 

sq. 

ft. 

2.3 

sq. 

ft 

95 

ft 

3-8 

in. 

23 

in. 

7 

in. 

42 

tol 

j  1 

Tett  Xo.  44.  i  Teat  No.  4ft.  !  Test  Ko.  4&  !  Tnt  No.  47. 


Kind  of  coal. 


dkind 


Manner  of  start  and  stop  and 
of  run,       .... 

Duration,       .... 

Coal  consumed  drv  (includ- 
ing wood  equivalents 

Perconta<ro  of  ash. 

Water  evajx^ratoil. 

Coal  per  hour. 

Coal  per  hour  per  square  foot 
of  grate,    .... 

Water  per  hour,    . 

Water  per  hour  per  M]uare 
foot  heating  surface. 

Horse-power  developed,       H.  P. 

Boiler  pressuiv,    .  .  lbs. 

Temperature  of  feod-water,  dog. 

Tem|>eratuxx>  of  escaping 
gases,         ....  dog. 

Draught  suction.  ,  .in. 

Water  per  }>ound  of  coal,     .  lbs. 

Water  j>cr  |>ound  of  coal 
from  and  at  21*2  degrees.  , 

Water  per  pound  of  combus- 
tible from  and  at  212  de- 
grees,        .... 


hrs, 

lbs. 

% 
lbs. 

lbs. 

lbs. 
lbs. 

lbs. 


LaekawAB-      Lehifh,        '  O«om*t 
na.  Broken.      Broken.       ,  Cre« 


I  Ordinary.    Oidinaiy. 

I  10.7    ;  10.2 

I    3,037      !    3,087 
12     !         10.1 
26,562        27,441 


I 


lbs. 


lbs. 


lnga,l  put. 
Oeo.*t  Craok 


282.5         301.2 

11  12.2 

2,470.9  I    2,677.2 


2.4  ' 

71».o  i 

70  I 

128  : 


306 


2.6 
88.5 
76.6 
118 


Ordinaiy. 
10.7 

3,730 
6.6 
34,743 
347 

14 
3,231.9 

3.1 

105.4 

77.6 

111 


0.2S 
8.75 

9.80 


11.13 


346  : 
0.28; 
8.89. 

10.07 


11.20 


381 
0.28 
9.31 

10.61 


11.37 


Ordinary. 
11. 

3,815 
16.5 
27^7 
301.4 

12.2 
2,507.9 

2.4 
82 
76.1 
108 

343 
0.38 
8.32 

9.51 


11.40 


Note.  —  The  mixed  fuel  when  fired  contained  5  per  cent  of  moastoze. 
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Boiler  No.  23  differs  from  the  ordinary  horizontal  boiler  in 
the  arrangement  of  the  tubes.  Part  of  the  tubes  carry  the 
products  of  combustion  forward,  as  in  the  ordinary  boiler; 
the  remaining  tubes  carry  them  backward  to  the  flue.  The 
latter  are  placed  centrally  with  reference  to  the  former,  and 
extend  backward  from  the  main  tube  sheet  a  distance  of  three 
feet,  the  extended  portion  being  enclosed  in  a  supplementary 
shell  34  inches  in  diameter,  which  forms  an  extension  to  the 
rear  end  of  the  boiler. 

A  prominent  feature  in  the  results  of  these  tests  is  the  com- 
paratively low  flue  temperature.  It  may  be  attributed  in  part 
to  the  large  extent  of  heating  surface  and  in  part  to  the  par- 
ticular arrangement  of  the  tubes,  which  renders  the  heating 
surface  more  thoroughly  efficient  than  it  would  otherwise  be. 
The  results  are  excellent  in  every  case,  excepting  the  test  with 
Cumberland  coal.  Here  the  evaporation  per  pound  of  combus- 
tible is  little  better  than  that  obtained  with  the  anthracite  coals 
and  a  trifle  inferior  to  that  obtained  with  the  mixture.  Figured 
on  the  weight  of  combustible  used,  there  is  a  difierence  of  only 
2.5  per  cent,  in  all  the  results.  Figuring  on  coal,  there  is  a 
gain  for  Lehigh  coal  of  2.8  per  cent.,  a  gain  for  Cumberland 
coal  of  8.2  per  cent.,  and  a  loss  for  the  mixed  fuel  of  3  per 
cent.,  when  compared  with  the  result  obtained  from  Lacka- 
wanna coal.  The  difference  in  these  results  seems  to  be  mainly 
due  to  the  difference  in  the  percentages  of  ash. 

The  tests  were  made  with  wide  open  damper  and  a  constant 
maximum  draught.  The  figures  of  horse-power  show  the  rela- 
tive capacity  of  the  boiler  as  produced  by  the  various  coals 
used.  Lackawanna  coal  gave  a  trifle  less  than  the  rated  power. 
Lehigh  gained  11  per  cent.,  Cumberland  33  per  cent.,  and  the 
mixture  3  per  cent. ,  over  the  Lackawanna. 

The  temperature  of  the  escaping  gases  in  the  front  connec- 
tion, before  passing  into  the  central  tubes,  was  325  degrees 
higher  than  that  in  the  flue  at  the  entrance  to  the  chimney. 
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Boiler  No.  24. 

Kind  of  boiler, Horizontal  return  tabular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        Fifty-five. 

Kind  of  coal, Anthracite  Lehigh,  Chestnut. 

Age, Sixteen  years. 

Dimensions. 

Diameter  of  shell, 48     in. 

Length  between  heads  and  length  of  tubes,         ...  16     ft 

Number  of  tubes  3  inches  outside  diameter,         ...  48 

Area  of  heating  surface, 669     sq.  ft 

Area  of  grate  surface, 19.9  sq.  ft 

Area  through  tubes, 2     sq.  ft. 

Area  through  flue, 1.9  sq.  ft 

Height  of  chimney, 77     ft 

Width  of  air  spaces  and  metal  bars  in  grates.  Air  3-8  in.,  metal  5-8  in. 

Distance  of  grate  to  shell, 19     in. 

Distance  of  flat  bridge  wall  to  shell, 6     in. 

Character  of  space  behind  bridge, Open. 

Ratio  of  heating  surface  to  grate  surface,    ....  33.7  to  1 

Ratio  of  grate  to  tube  area, 10     to  1 

Kind  of  brick  setting, Common. 

Results  of  Tests, 


Tett  No.  48. 


Test  No.  49. 


Conditions, < 

Manner  of  start  and  stop  and  kind  of  run. 

Duration, hrs. 

Coal  consumed  (including  wood  equivalent),  lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

C-oal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .   lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  heating 

surface, lbs. 

Horse-power  developed,     .  H.P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .  .  .  deg. 
Temperature  of  escaping  gases,  .  .  deg. 
Water  per  j)ound  of  coal,  ....  lbs. 
Water  per  pound  of  coal  from  and  at  212 

degrees, lbs. 

Water  per  pound  of  combustible  from  and 

at  212  degrees, lbs. 


Damper 
wide  open. 
Ordinary. 
11 
2,647 

16.4 

19,653 

240.6 

12.1 

1,786.6 

2.7 
62.1 
71.9 
40 
444 

7.42 

8.99 
10.76 


Damper 
partly  open. 
Ordfnaiyr^ 
11 
1,430 
17.5 
10,731 
130 

6.5 
975.6 

1.5 
33.9 
69.5 
40 
356 

7.50 

9.08 
11.01 
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The  tests  on  boiler  No.  24  exhibit  the  performance  of  the 
boiler  under  two  widely  different  rates  of  combustion.  In  one 
case  the  power  developed  was  slightly  above  the  nominal,  and 
in  the  other  it  was  much  below  it.  The  difference  in  the  two 
results  is  only  one  per  cent,  on  coal  and  two  per  cent,  on  com- 
bustible. The  temperature  of  the  escaping  gases  in  the  test 
with  rapid  combustion  is  somewhat  excessive.  There  is  evi- 
dence here  of  inefficient  surface,  such  as  might  be  produced  by 
a  coating  of  scale. 

Boiler  No.  25. 

Sand  of  boiler, Horizontal  direct  tubular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .  Fifty-two. 

Kind  of  coal,  .  .     i> .        .        .  Anthracite  Lehigh,  Chestnut. 

Age, Fourteen  years. 

Dimensions, 

Diameter  of  shell, 48     in. 

Length  between  heads  and  length  of  tubes,         ...  14     ft. 

Number  of  tubes  3  inches  outside  diameter,         ...  45 

Length  of  combustion  chamber, 38     in. 

Inside  diameter  of  combustion  chamber,      ....  42     in. 

Diameter  two  openings  to  combustion  chamber, ...  14     in. 

Area  of  water-heating  surface,  .        .        .        .  5S6     sq.  ft. 

Area  of  steam-heating  surface, 43     sq.  ft. 

Area  of  grate  surface, 21.2  sq.  ft. 

Area  through  tubes, 1.9  sq.  ft. 

Area  through  flue, 2.2  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,  Air  3-8  in.,  metal  5-8  in. 

Distance  of  grate  to  shell, 17     in. 

Height  of  chimney, 77     ft. 

Ratio  of  water-heating  surface  to  grate  surface,  .  27.7  to  1 

Ratio  of  grate  to  tube  area, 11.4  to  1 

Kind  of  brick  setting, Common. 
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Results  of  Tests. 


Test  No.  fiO. 


Twt  No.  6L 


Conditions, } 

Manner  of  start  and  stop  and  kind  of  run. 

Duration, hrs. 

Coal  consumed  (including  wood  equiv- 
alent),      ......  lbs. 

Percentage  of  ash,       ....      % 

Water  evaporated,       ....  lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of 
water-heating  surface,  .  lbs. 

Horse-power  developed,      .        .        H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .  deg. 

Temperature  of  escaping  gases, .        .  deg. 

Water  per  pound  of  coal,    .  .  lbs. 

Water  per  pound  of  coal  from  and  at 
212  degrees, lbs. 

Water  per  pound  of  combustible  from 
and  at  212  degrees,  ....  lbs. 


Damper  wide 
open. 
Ordinaiy. 
11.2 

2,731 

15.7 

19,891 

242.8 

11.4 

1,768.1 

3 
61.4 
67.7 
40 
<-        476 

7.28 

8.82 
10.46 


Damper  partly 
closed. 
Ordinary. 
lp.7 

1367.5 
15.5 
10388 
127.2 

6 
966.3 

1.6 
33.5 
65.2 
40 
880 

7.60 

9.19 
10.88 


In  boiler  No.  25  the  products  of  combustion  pass  upward 
from  the  furnace  into  a  combustion  chamber  situated  in  the 
front  end  of  the  shell,  then  forward  through  the  tubes,  then 
backward  under  the  shell  to  the  furnace  wall,  and  finally  up- 
ward through  two  side  flues  and  over  the  top  of  the  rear  part 
of  the  shell  to  the  chimney  flue.  The  upper  part  of  the  shell 
last  traversed  furnishes  steam-heating  surface.  This  surface 
is  probably  inefficient,  owing  to  the  deposit  of  soot  which 
naturally  covers  it.  The  boiler  is  fitted  with  a  steam 
dome. 

The  tests  made  on  boiler  No.  25,  like  those  made  on  No.  24, 
show  the  effect  produced  by  different  rates  of  combustion.  In 
this  case  the  difference  is  more  marked  than  in  the  former 
case.  Here  the  slow  rate  secured  about  4  per  cent,  better 
result ;    but   the    slow   rate    developed    much    less    than    the 
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nominal  power  of  the  boiler  —  a  condition  of  things  which  it 
would  hardly  pay  to  maintain  on  a  large  plant  for  permanent 
work. 

It  is  apparent  that  the  boiler  was  wasteful  on  the  test  with 
rapid  combustion,  for  the  temperature  of  the  gases  is  476 
degrees.  There  is  more  heat  lost  here  than  in  the  case  of 
boiler  No.  24,  where  the  temperature  is  444  degrees  with  a 
somewhat  higher  rate  of  combustion,  and  it  is  seen  that  there 
is  a  corresponding  falling  off  in  economy  between  the  two 
boilers.  This  might  be  expected  from  the  smaller  proportion 
of  water^heating  surface.  The  proportions  are,  respectively, 
33.7  to  1  and  27.7  to  1. 


Boiler  No.  26. 

Kind  of  boiler, Horizontal  return  tubular. 

Camber  used, One. 

Borse-power  (basis  12  square  feet),     .  Seventy-four. 

^Kind  of  coal, Anthracite  Lehigh,  Chestnut. 

^ge, One  year. 


Dimensions. 

Diameter  of  shell, 60     in. 

Length  between  heads  and  length  of  tubes,  15     ft. 

Number  of  tubes  3  inches  outside  diameter,         ...  66 

Area  of  heating  surface, 890     sq.  ft. 

Area  of  grate  surface, 24.1  sq.  ft. 

Area  through  tubes, 2.7  sq.  ft. 

Area  through  flue, 2.4  sq.  ft. 

Height  of  chinmey, 77     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,  Air  3-8  in.,  metal  5-8  in. 

Distance  of  grate  to  shell, 23     in. 

Distance  of  flat  bridge  wall  to  shell, 7     in. 

Character  of  space  behind  bridge  wall,        ....  Open. 

Ratio  of  heating  surface  to  grate  surface,  37     to  1 

Ratio  of  grate  to  tube  area, 10     to  1 

Kind  of  brick  setting, Common. 
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Bet^dU  of  TutM, 


TmK«Ltt. 


(■onditions, < 

Manner  of  start  and  stop  and  kind  of  nm. 

Duration, hra. 

( )oal  coHHuinod  (including  wood  eqniT- 

al(Uit),  lbs. 

Pon^untaj^u  of  asli,       ....      % 
WaU^r  ova|)orat4»d,       ....  lbs. 

( \>al  por  hour, lbs. 

( 'oul  p««r  hour  per  sq.  ft.  of  grate,      .  lbs. 
Wat  or  por  hour,  .        ...       .       .  lbs. 

Wator  p(«r  hour  per  square  foot  beating 

HurfiuMs lbs. 

Monio-|K>wor  developed,      .  H.  P. 

liolU^r  proHHutHS lbs. 

ToiuiHtrntuiv  of  fee<l-water,  .  deg. 

Toiuporaturt^  of  escaping  gases,         .  deg. 
WaliM*  por  |Hnnui  of  t»oai,    .  .  lbs. 

Wator  por  |Hunul  of  i»oal  from  and  at 

ViV  do)jiv«v«, lbs. 

Wrtfor  por  |HMUid  of  iH)mbu8tible  from 

aud  at  "i  I  i?  <io^»t»j»»  ....  lbs. 


Damper  wide 


Ordinary. 
12 

ij099 

14.4 

90,326 

S41.6 

14.2 

2^27.2 

2.8 
87.8 
73.8 
40 
365 
7.40 

8.97 

10.47 


Damperpartlj 
closed. 
OrdinsTT. 
11 

2,659 
14.2 
20,244 
241.7 
10 
1,^40.4 

2.1 

64 

70 

40 

350 

7.61 

9.22 
10.75 


Hoilor  No,  iM»  is  provided  with  a  water  leg  front,  which  takes^ 
{\w  pljuo  ol'  tho  onlinary  cast-iron  front  and  its  brick  lining*, 
ri^o  H|v**vv  M\\\\k\  (ho  hridjre  wall  is  unusually  deep,  extending 
^  Nh'^t.muv  of  sovou  loot  l)oIow  the  shell,  and  one  of  the  side 
w^OI-.  iH  o\pN^M\l  \M^  tho  outside  a  corresponding  distance. 

ri\oxo  iosi>»  tojivthor  with  those  made  dn  boilers  Nos.  24  and 
^'^,  i\v\u\  ji  i^tx^jp  of  losis*  tho  object  of  which  was  to  determine 
\\\\^  \vUh\o  o>nmumuv  of  working  to  maximum  capacity  and  to 
^^onI^uu^  x^^|v^x';t\ »  in  iho  ohso  of  three  boilers  of  somewhat  dif- 
U^^vu*  <  \  |s^x.  \I5  ustsl  \hvhI  fn>m  the  same  cargo.  In  the  case 
\y\  \y\^\\s^\  \y^  iN^  H>  :u  thvv^o  of  Xi>$.  24  and  25  akeady  noted, 
Ov\^^>^  U  HM  ?^pp\\vij^Mo  ditTorvmt*  of  economy  in  fevor  of  the 
u^\»^^^^^v  xv^|v^v'U\ .  lUnv  it  is  alH>ut  3  per  cent.  There  is 
^  \\\yHH\  \\^\\  wxwy^v^xxnx  of  tho  o^*3iping  gases  compared  with 
\\\M    \\^\\\\\\   \\\   iW   othor  two  Knlor?  worked    at   maximnm 
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capacity,  due,  no  doubt,  in  pait,  to  the  relatively  large  extent 
of  heating  surface,  and  in  part  to  the  cleanliness  of  the  surfaces 
which  presumably  existed  in  the  new  boiler.  Still,  this  favor- 
able indication  is  accompanied  by  a  comparatively  low  evap- 
orative result.  The  large  space  behind  the  bridge  and  the 
greater  radiating  surfaces  thus  exposed  does  not  appear  to  be 
adequate  to  produce  an  unfavorable  effect  of  much  consequence, 
but  there  appears  no  other  cause.  It  is  noted  that  a  higher 
rate  of  combustion  is  secured  in  boiler  No.  26  than  in  the 
others.  This  may  be  attributed  to  the  newer  and  tighter  con- 
dition of  the  flues  leading  to  the  chimney.  One  chimney  of 
ample  area  served  for  all  three  boilers. 

The  object  of  tests  Nos.  54-58  was  to  compare  the  evapora- 
tive economy  of  different  fuels.  The  results  do  not  show  in 
point  of  capacity  the  full  power  that  could  have  been  obtained 
in  the  various  cases,  with  the  exception  of  the  test  of  the 
mixed  fuel,  in  which  case  the  damper  was  wide  open.  The 
damper  was  wide  open  during  half  of  the  test  of  pea  coal. 

Taking  the  results  with  chestnut  coal  as  a  basis  of  compari- 
son, and  figuring  on  the  evaporation  per  pound  of  coal,  the  pea 
coal  lost  9  per  cent. ;  the  broken  coal  gained  4.2  per  cent. ; 
the  Cumberland  coal  gained  19.3  per  cent. ;  and  the  mixed 
fuel  gained  6.2  per  cent. 

Considering  the  cost  of  these  fuels  given  below,  as  quoted  at 
the  time  of  the  tests  (per  ton  of  2,240  pounds), 

Chestnut, |5.50 

Pea, 4.60 

Broken, 5.85 

Pea  and  Dust, 2.75 

Cumberland, 6.50 

the  total  value  of  the  fuel  used  in.  evaporating  a  given  quantity 
of  water,  say  30,000  pounds  from  and  at  212  degrees,  accord- 
ing to  the  results  here  obtained,  is  as  follows  :  — 

Chestnut, $8.00 

Pea, 7.32 

Broken, 8.15 

Cumberland, 7.91 

Mixed  fuel, 5.48 
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According  to  this  basis  of  comparison,  which  may  be  called 
the  commercial  basis,  the  cost  with  pea  coal  is  reduced  $0.32, 
or  8.5  per  cent. ;  that  with  broken  coal  is  increased  $0.15,  or 
1.9  per  cent. ;  that  with  Cumberland  is  reduced  $0.09,  or  1.1 
per  cent. ;  and  that  with  the  mixture  is  reduced  $2.52,  or  31.5 
per  cent.  Although  this  comparison  does  not  apply  to  the 
present  time,  when  prices  of  coal  are  altogether  different,  the 
figures  are  suggestive  as  to  the  influence  which  cost  has  upon 
the  actual  value  of  a  given  kind  of  coal. 

A  feature  of  this  series  of  tests  which  attracts  attention  is 
the  varying  amount  of  ash  in  the  different  fuels.  The  pea  coal 
has  the  largest  quantity,  viz.,  15.8  per  cent.,  and  the  Cum- 
berland the  smallest,  viz.,  6.6  per  cent.  The  percentage  in 
the  mixed  fuel  is  low  for  this  class  of  fuel  —  an  indication  of 
good  quality. 

The  temperature  of  the  escaping  gases  in  the  case  of  the 
Cumberland  and  mixed  fuels  is  higher  than  that  produced  by 
the  other  coals.  This  condition  is  almost  always  observed  in 
fuels  made  up  in  whole  or  in  part  of  bituminous  coal. 

The  object  of  tests  Nos.  59-64  was  to  determine  the  effect 
upon  the  economy  of  different  fuels  produced  by  admitting  air 
at  the  bridge  wall.  The  method  employed  in  supplying  air 
consisted  in  introducing  it  through  a  pipe  7  inches  in  diameter 
running  through  the  side  wall,  at  a  distance  of  26  inches  below 
the  top  of  the  bridge  wall.  The  pipe  entered  a  chamber  formed 
by  building  a  new  wall  a  few  inches  behind  the  bridge  and 
covering  the  top  of  the  intervening  space  with  a  perforated 
iron  plate,  which  was  placed  on  a  level  with  the  top  of  the 
bridge.  A  damper  was  provided  in  the  pipe,  and  was  wide 
open  when  Cumberland  coal  was  used  and  about  half-way 
open  with  the  other  fuels. 

The  effect  upon  the  economic  result  produced  by  the  admis- 
sion of  air  at  the  bridge  was  marked  in  the  case  of  the  Cum- 
berland coal  and  mixed  fuel,  but  not  so  in  that  of  the  anthracite 
coal.  The  evaporation  per  pound  of  combustible  was  increased 
6.2  per  cent,  with  Cumberland  coal,  but  it  was  decreased  4.7 
per  cent,  with  the  mixed  fuel.  There  was  little  difference  pro- 
duced with  anthracite  coal. 
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In  every  case  the  admission  of  air  is  accompanied  by  an 
increased  temperature  of  the  escaping  gases  and  a  decreased 
amount  of  power  developed.  These  differences  are  small,  but 
they  are  always  in  the  same  direction. 

The  character  of  the  combustion,  as  seen  by  the  eye  of  an 
observer  looking  through  a  peek  hole  into  the  space  behind  the 
bridge  wall,  was  always  improved  by  the  admission  of  air. 

The  effect  of  admitting  air  upon  the  Cumberland  coal  was  to 
reduce  the  quantity  and  density  of  the  smoke  discharged  at  the 
top  of  the  chimney.  There  was  entire  absence  of  smoke  ^^jf 
of  the  time  when  air  was  admitted,  and  ^^  of  the  time  when 
air  was  not  admitted.  There  was  little  smoke  in  either  case 
with  mixed  fiiel. 

There  waa  no  appreciable  difference  in  the  quantity  of  soot 
deposited  in  the  tubes,  as  seen  by  examination  at  the  front  ends 
after  each  test,  whether  air  was  admitted  at  the  bridge  or  not. 

The  draught  suction  at  the  bottom  of  the  chimney  was 
ordinarily  ^^  of  an  inch,  expressed  in  inches  of  water  pressure. 
In  the  boiler  flue  it  was  |  of  an  inch  with  wide  open  damper, 
and  in  the  space  behind  the  bridge  wall  ^^  of  an  inch. 


Boiler  No.  27. 

Kind  of  boiler, '  Horizontal  return  tubular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        .        Seventy-five. 
Age, Two  years. 

Dimensions. 

Diameter  of  shell, 60     in. 

Length  between  heads  and  length  of  tubes, ....  15     ft. 

Number  of  tubes  3  inches  outside  diameter,         ...  70 

Area  of  heating  surface, 900     sq.  ft. 

Area  of  grate  surface, 26.7  sq.  ft. 

Area  through  tubes, 2.9  sq.  ft. 

Area  through  flue, 3     sq.  ft. 

Height  of  chimney, 120     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      ...  3-8  in. 

Distance  of  grate  to  shell, 20     in.      . 

Distance  of  flat  bridge  to  shell, 6     in. 
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Character  of  space  behind  bridge, Open. 

Ratio  of  heating  surface  to  grate  surface,    ....  33.8  to  1 

Ratio  of  grate  surface  to  tube  area, 9.2  to  1 

Kind  of  brick  setting, Common. 


Results  of  Tests.     (Average  of  two.) 

TMtKo.65. 

TettNaaS. 

TeeC  No.  C7. 

Kind  of  coal,    .*....        ^ 

Anthracite, 

Anthradte, 

SpU.PeeaiKi 

Stove. 

Cbeetnat 
No.  2. 

Doeiflpert 
Clearfield. 

Manner  of  start  and  stop  and  kind  of  run. 

Ordinary. 

Ordinary. 

Ordinary. 

Duration, hrs. 

10.7 

11 

10.7 

Coal  consumed  dry  (including  wood 

equivalent), lbs. 

2,661 

2,700 

2,789 

Percentage  of  ash,  ....      % 

14.7 

12.8 

14 

Water  evaporated,  ....  lbs. 

21,213 

21,360 

22,030 

Coal  per  hour, lbs. 

247.7 

245.5 

259.4 

Coal  per  hour  per  sq.  ft.  of  grate,     .  lbs. 

9.3 

9.6 

9.7 

Water  per  hour,       ....  lbs. 

1,974.4 

1,941 

2,049.3 

Water  per  hour  per  square  foot  of 

heating  surface,   .                .        .lbs. 

2.2 

2.2 

2.3 

Horse-power  developed,          .         H.  P. 

66.9 

65.8 

69.3 

Boiler  pressure,       ....  lbs. 

65.8 

64.8 

67.9 

Femperature  of  feed- water,    .        .  deg. 

67 

66.5 

71 

Temperature  of  escaping  gases,      .  deg. 

314 

312 

326 

Number  of  firings, 

20 

37 

39 

Number  of  times  slice  bar  was  used. 

1 

1 

12 

Position  of  damper,         .... 

J  open. 

J  open. 

1  open. 

W^ater  per  pound  of  coal,        .        .  lbs. 

7.97 

7.90 

7.90 

Water  per  poimd  of  coal  from  and 

at  212  degrees,      ....  lbs. 

9.43 

9.34 

9.31 

Water  per  poimd  of  combustible 

from  and  at  212  degrees,     .        .  lbs. 

11.06 

10.72 

10.85 

Note.  —  The  mixed  fuel  when  fired  contained  4^  per  cent,  of  moisture. 

The  tests  on  boiler  No.  27  had  for  an  object  the  determina- 
tion of  the  relative  economy  of  different  classes  of  fuel.  A 
comparison  of  the  results  of  the  three  tests  shows  that  the 
chestnut  No.  2  coal,  and  the  mixed  fuel  as  well,  secured  1 
per  cent,  less  evaporation  per  pound  of  coal  than  the  stove 
coal.  The  prices  of  the  coals  to  which  these  figures  applied, 
and  the  corresponding  cost  of  fuel  required  to  evaporate  a 
given  amount  of  water,  say  30,000  pounds  from  and  at  212 
degrees,  are  given  in  the  following  table  :  — 
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• 

store. 

Chestnat 
No.  2. 

Mixtan. 

^<38t  per  ton  of  2,240  pounds,    .... 
^CD6t  of  fael  for  30,000  pounds  of  steam,  . 

t5.40 
7.63 

14.50 
6.42 

♦3.70 
6.33 

A  comparison  of  these  figures  shows  that  the  cost  of  making 
given  amount  of  steam  with  chestnut  No.  2  coal  was  16  per 
^c^^ent.  less  than  with  stove  coal,  and  the  cost  with  the  mixture 
^^^as  30  per  cent.  less. 

The  low  temperature  of  the  escaping  gases  is  noticeable  in 
^hese  tests.     This  is  an  indication  of  economical  work  which 
'the  &vorable  character  of  the  evaporative  results  plainly  bears 
out. 


Boiler  No.  28. 

Kind  of  boilers, Horizontal  return  tubular. 

Number  used, Three. 

Horse-power  (collective,  basis  12  sq.  ft.) ,        One  hundred  and  twenty-nine. 

Age, Several  years. 

Dimensions. 

Diameter  of  shell, 48     in. 

^^ngth  between  heads  and  length  of  tubes,                  .        .  12     ft. 

dumber  of  tubes  (collective)  3  inches  outside  diameter,     .  147 

Area  of  water-heating  surface, 1,548     sq.  ft. 

Area  of  steam-heating  surface, 185     sq.  ft. 

Area  of  grate  surface, 58.5  sq.  ft. 

Area  through  tubes, 6.1  sq.  ft. 

Height  of  chimney, 140     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .  Air  7-16  in.,  metal  3-8  in. 

Distance  of  grate  to  shell, 16     in. 

Distance  of  flat  bridge  to  shell, 5     in. 

Character  of  space  behind  bridge, Open. 

Ratio  of  water-heating  surface  to  grate  surface,          .  26.5  to  1 

Ratio  of  grate  to  tube  area, 9.6  to  1 

Kind  of  brick  setting, Common. 


162 


BesuUs  of  Tests, 


TwtKo.68. 


TwtNo.O. 


TwtRo.70i 


Kind  of  coal, ) 

Manner  of  start  and  stop  and  kind  of  ran, 

Duration,. hrs. 

Coal  consumed  dry  (including  wood 

equivalent), lbs. 

Percentage  of  ash,  ....  % 
Water  evaporated,  ....  lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  sq.  ft.  of  grate,  .  lbs. 
Water  per  hour,  ....  lbs. 
Water  per  hour  per  square  foot  of 

water-heating  surface,  .  .  lbs. 
Horse-power  developed, .  .  H.  P. 
Boiler  pressure,  ....  lbs. 
Temperature  of  feed-water,  .  .  deg. 
Temperature  of  escaping  gases,  .  deg. 
Draught  suction,      .        .        .        .in. 

Number  of  firings, 

Number  of  firings  using  slice-bar  or 

hoe, 

Water  per  pound  of  coal,  .  .  lbs. 
Water  per  pound  of  coal  from  and 

at  212  degrees,  ....  lbs. 
Water  per  pound  of  combustible 

from  and  at  212  degrees,     .        .  lbs. 


Anthraelte 
White  Alb, 
Broken. 

Ordinary. 
10.2 

7348 

10.1 

66,716 

766.6 

12.9 

6,682.6 

3.6 
192.3 
73.7 
39 
465 
0.11 
23 

6 
7.23 

8.77 

9.76 


Anthnette, 
Peft. 


Ordinary. 

10.6 

6,684 

20.9 
46,071 
627 
11.7 
4,292.4 

2.8 
149.2 
74.2 
39 
448 
0.12 
27 

6 
6.84 

8.29 

10.63 


44parUPeA 
ADd  DiutiST 
parte  Norm 
BootiA  Culm. 

Ordinary. 
10.6 

7,696 

17.9 

47,452 

723.8 

13.6 

4,619.2 

2.9 
157.1 
78 
39 
460 
0.28 
84 

24 
6.24 

7.67 

9.34 


Note.  —  The  pea  coal  when  fired  contained  6  per  cent,  of  moisture  and 
the  mixture  10  per  cent. 


The  tests  on  boiler  No.  28  exhibit  the  performance  of  old 
l)()ilcrs  of  small  diameter  and  short  length,  set  with  little  verti- 
cal distance  between  the  grate  and  shell,  and  probably  coated 
to  some  extent  with  scale.  The  ratio  of  heating  surface  to 
gnitc  is  small,  and  there  is  a  correspondingly  high  temperature 
of  the  escaping  gases.  Under  these  circumstances  a  high 
degree  of  economy  cannot  be  expected,  and,  as  the  results 
show,  it  was  not  realized. 

The  tests  also  furnish  a  comparison,  under  the  circum- 
stances, between  the  economy  of  three  kinds  of  coal-     The 
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evaporation  per  pound  of  coal  is  5.5  per  cent.  less  with  pea 
coal  than  with  broken  coal,  and  13.7  per  cent.  less  with  the 
mixed  fii^l.  Based  on  the  cost  of  the  fuels  required  to  produce 
a  given  quantity  of  steam,  say  30,000  pounds  from  and  at 
212  degrees,  according  to  the  existing  prices  which  are  given 
below, 


Broken. 

PCft. 

Mixtim. 

Cost  per  ton  of  2,240  pounds,    .... 
Cost  lor  30,000  pounds  of  steam, 

t6.10 
9.32 

t4.75 

7.64 

t3.85 
6.81 

the  economy  of  pea  coal  over  broken  coal  is  18  per  cent.,  and 
that  of  the  mixture  26.9  per  cent. 

The  quantity  of  power  developed  on  these  tests  is  high,  con- 
sidering the  strength  of  draught.  In  all  cases  it  is  a  consider- 
able amount  above  the  rated  capacity,  with  a  draught  much 
below  the  fall  power  of  the  chimney. 


Boiler  No.  29. 

Kind  of  boiler, Vertical  tubular  (rolling-pin). 

Number  used, One. 

Horse-power  (basis  10  square  feet),     .        One  hundred  and  forty. 

Kind  of  coal \  ^^^  P*^  Anthracite  Screen- 

i     ings,  one  part  Cumberland. 
Age, Ten  years. 

Dimensions. 

Diameter  main  shell, 90     in. 

Diameter  drum  and  water  leg, 29     in. 

Length  of  main  shell  and  tubes, 9  ft.  9  in. 

Number  of  tubes  2  inches  outside  diameter,        .               .  248 

Area  of  water-heating  surface, 936     sq.  ft 

Area  of  steam-heating  surface, 517     sq.  ft. 

Area  of  total  heating  surface, 1,453     sq.  ft. 

Area  of  grate  surface,    ....                ...  45.6  sq.  ft. 

Area  through  tubes, 4.1  sq.  ft. 

Area  through  flue,  .       .       .       _ 2.8  sq.  ft. 
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Height  of  chimney, 

Width  of  air  spaces  and  metal  bars  in  grates, 
Ratio  of  water-heating  sorfaee  to  grate  surface. 
Ratio  of  steam-heating  surface  to  grate  surface, 
Ratio  of  total  heating  surface  to  grate  surface, 
Ratio  of  grate  to  tube  area,  .... 
Ratio  of  grate  to  flue  area,    .... 

Kind  of  brick  setting,    .... 


125  ft 

1-2  in. 

.  21.1  to  1 

10.7  to  1 

31.8  to  1 
11  tol 
16.1  to  1 


^  Passages  in  walls  supplying 
c     to  furnace  above  the  fuel. 


Results  of  Tests. 


m 

Test  No.  71. 

Twt  No.  n. 

Conditions  as  to  admission  of  air  over  fuel. 

Air  admitted. 

Air  excluded. 

Manner  of  start  and  stop  and  kind  of  run. 

Ordinary. 

Ordinarr. 

Duration, hrs. 

11 

11.7 

Goal  consmned  dry  (including  wood 

equivalent), lbs. 

5,399 

6^11 

Percentage  of  ash,        ....      % 

18.8 

16.7 

Water  evaporated,       ....  lbs. 

33,210 

40,001 

Coal  per  hour, lbs. 

483.2 

528.6 

Coal  per  hour  per  square  foot  of  grate,  lbs. 

10.7 

11.6 

Water  per  hour, lbs. 

3,019.1 

8,404.3 

Water  per  hour  per  square  foot  water- 

heating  surface,        ....  lbs. 

3.2 

3.6 

Horse-power  developed,      .        .         H.  P. 

104.6 

118.1 

Boiler  pressure, lbs. 

72.5 

72.5 

Temperature  of  feed-water,        .        .  deg. 

42 

42 

Temperature  of  escaping  gases, .        .  deg. 
Number  of  degrees  superheating,       .  deg. 

443 

434 

93 

93 

Draught  suction, in. 

0.26 

0.32 

Water  per  pound  of  coal,    .        .        .  lbs. 

6.15 

6.44 

Water  per  pound  of  coal  from  and  at 
212  degrees, lbs. 

7.46 

7.79 

Water  per  pound  of  combustible  from 

and  at  212  degrees,  ....  lbs. 

9.06 

9.27 

Note.  —  The  coal  when  fired  contained  10  per  cent  of  moisture. 


Boiler  No.  29  has  no  peculiarities  for  the  rolling-pin  type  o 
vertical  boiler,  excepting  the  provision  for  supplying  air  to  the 
products  of  combustion  at  the  surface  of  the  fire.  The  special 
interest  attaching  to  the  tests  is  the  effect  which  the  admission 
or  exclusion  of  air  had  upon  the  economy  and  capacity  of  the 
boiler.     The  damper  was  kept  in  a  constant  position  for  both 
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tests,  and  there  was  a  steady  draught  of  0.7  inch  on  the 
chimney  side  of  the  damper.  The  effective  draught  in  the 
boiler  flue  was  0.26  inch  when  the  air  was  admitted  and  0.32 
inch  when  it  was  excluded,  and,  as  a  consequence,  the  power 
developed  was  increased  by  excluding  the  air  from  209.2  horse- 
power to  236.2  horse-power,  an  increase  of  13  per  cent.  In 
the  matter  of  economy,  the  exclusion  of  air  was  followed  by  an 
increase  of  4.3  per  cent,  in  the  evaporation  per  pound  of  coal, 
and  of  2.3  per  cent,  per  pound  of  combustible. 

The  economic  results  as  a  whole  must  take  into  account  the 
character  of  the  steam,  which  was  in  a  somewhat  highly  super- 
heated state.  The  superheating  of  93  degrees  adds  about  4 
per  cent,  more  heat  to  the  steam  and  increases  its  value  for 
purposes  of  motive  power  some  8  per  cent.  If  the  last  quan- 
tity is  allowed  for,  it  brings  the  evaporation  per  pound  of 
combustible  from  and  at  212  degrees  in  test  No.  72  to  10.01 
pounds.  This  result  is  about  one  pound  below  that  obtained 
from  some  of  the  horizontal  boilers  that  have  been  tested,  and 
the  difference  is  largely  attributed  to  the  high  temperature  of 
the  escaping  gases,  coupled  with  the  leakage  of  air  through  the 
brick-work  of  the  setting  —  the  high  temperatui'e  being  evi- 
dently due  to  the  small  proportion  of  water-heating  surface  to 
grate  surface. 

Boiler  No.  30. 

Kind  of  boiler, Vertical  tubular  (rolling-pin). 

Number  used, One. 

Horse-power  (basis  10  square  feet),     .  One  hundred  and  forty. 

Age, Ten  years. 

Dimensions. 

Diameter  of  main  shell, 90     in. 

Diameter  of  drum  and  water  leg, 29     in. 

Length  of  main  shell  and  tubes, 9  ft  9  in. 

Number  of  tubes  2  inches  outside  diameter,         .  248 

Area  of  water-heating  surface, 940     sq.  ft. 

Area  of  steam-heating  surface, 618     sq.  ft. 

Area  of  grate  surface, 45.7  sq.  ft. 

Area  through  tubes,       .       , 4.1  sq.  ft. 
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Area  through  fine, 2^  sq.  ft 

Width  of  air  spaces  and  metal  bars  in  grates,      ...  1-2  in. 

Distance  of  grate  to  tube  sheet, 2  ft  7  in. 

Ratio  of  water-heating  surface  to  grate  surface,  .        .        .  20.6  to  1 

Ratio  of  steam-heating  surface  to  grate  surface,  .  11.2  to  1 

Ratio  of  grate  to  tube  area,   .  .  11     to  I 

Kind  of  brick  setting, Common. 

Results  of  Tests. 


Test  No.  7S. 

Tett  No.  74. 

Test  No.  7S. 

Qeorge'i 

Anthracite 

2pU.8creeD- 

Kind  of  coal, < 

Creek 

Lehigh, 

ings,  1  part 

i 

Cumberland. 

Broken. 

Camberland. 

Manner  of  start  and  stop  and  kind  of  run, 

Ordinary. 

Ordinary. 

Ordinary. 

Duration, hrs. 

11.7 

12.6 

11.7 

Coal  consumed  dry  (including  wood 

equivalent),          ....  lbs. 

4,070.4 

5,692 

6,211 

Percentage  of  ash,  ....      % 

8.2 

15.1 

16.7 

Water  evaporated,  ....  lbs. 

31,888 

37,604 

40,001 

Coal  per  hour,         .        .        .        .lbs. 

346.5 

447.4 

628.6 

Coal  per  hour  per  sq.  ft.  of  grate,  .   lbs. 

7.3 

9.8 

11.6 

Water  per  hour,       ....   lbs. 

2,713.8 

3,000.3 

3,404.3 

Water  per  hour  per  square  foot  of 

water-heating  surface,         .        .   lbs. 

2.9 

8.2 

3.6 

Ilorse-power  developed, .        .         H.  P. 

94 

103.8 

118.1 

Boiler  pressure,       ....  lbs. 

72.7 

72.2 

72.6 

Temperature  of  feed-water,    .        .  deg. 

44 

44 

42 

Temperature  of  escaping  gases,     .  deg. 
Number  of  degrees  of  superheatin  ^,  deg. 

413 

449 

434 

73 

89 

93 

Draught  suction,      .        .        .        .     in. 

0.07 

0.05 

0.32 

Number  of  firings, 

23 

15 

31 

Number  of  times  slice-bar  or  stoker 

used, 

22 

3 

22 

Water  per  pound  of  coal,        .        .  lbs. 

7.83 

6.71 

6.44 

Water  per  i)ound  of  coal  from  and 

at  212  degrees,     ....  lbs. 

9.46 

8.11 

7.79 

Water  per  pound  of  combustible 

from  and  at  212  degrees,     .        .   lbs. 

10.27 

9.64 

9.27 

• 

Note.  —  The  Cumberland   coal  wlien  fired  contained  4  per  cent,  of 
moisture  and  the  mixture  9  per  cent. 


The  three  tests  on  boiler  No.  30  show  the  performance  of 
(UlTerent  fuels  on  a  vertical  tubular  boiler.  The  relation  be- 
tween the  results  is  much  the  same  as  that  obtained  in  the 
horizontal  type  of  ])oiler.  The  evaporation  per  pound  of  Cum- 
berland coal  is  16.6  per  cent,  greater,  and  that  per  pound  of 
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mixed  fuel  is  4  per  cent,  less,  than  the  performance  of  the 
anthracite  coal.  On  the  basis'of  cost  of  fuel,  according  to  the 
quotations  given  below. 


CamberUnd. 

Antbndte, 
Broken. 

Mixture. 

Cost  per  ton  of  2,200  pounds, . 
CJost  for  30,000  pounds  of  steam,    . 

t5.50 
7.81 

f5.50 
9.24 

13.50 
6.03 

the  cost  of  Cumberland  coal  required  to  evaporate  30,000 
pounds  of  water  from  and  at  212  degrees  is  15.5  per  cent, 
less,  and  that  of  the  mixture  34.7  per  cent,  less,  than  the  cost 
of  anthracite  broken  coal. 

The  relatively  small  amount  of  draught  required  in  burning 
the  standard  grades  of  coal  is  noticeable,  although  the  boiler 
developed  somewhat  less  than  the  rated  power,  and  the  rate  of 
combustion  was  low.  The  draught  on  test  No.  74  is  less  than 
one-sixth  of  the  full  capacity  of  a  good  chimney.  The  Cum- 
berland coal  required  a  slightly  stronger  draught  than  the 
anthracite  coal,  and  the  mixed  fuel  required  six  times  as 
much. 

The  small  proportion  of  water-heating  surface  and  the  con- 
sequent rapid  evaporation  per  square  foot  of  surface,  and  the 
high  temperature  of  escaping  gases,  as  also  the  high  degree  to 
which  the  steam  is  superheated,  are  characteristic  of  this  type 
of  boiler.  The  generally  inferior  nature  of  the  economic  re- 
sults is  what  might  be  expected  in  view  of  these  conditions. 

The  relative  labor  of  firing  the  various  coals  is  seen  in  the 
number  of  times  of  firing  and  using  the  slicing-bar.  The 
mixed  fiiel  is  at  the  greatest  disadvantage  in  this  respect. 


y  Boiler  No.  31. 

Kind  of  boilers, Vertical  tubular. 

Number  used, Five. 

Horse-power  (collective,  basis  10 sq.ft.).  Four  hundred  and  seventy-five. 

Kind  of  coal, Anthracite  Lehigh,  Broken. 

Age, One  year. 
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Dimensions. 

Diameter  of  shell, 64     in. 

Length  between  heads  and  length  of  tabes,         ...  14     ft 

Number  of  tubes  (collective)  3  inches  outside  diameter,     .  420 

Area  of  water-heating  surface, 3,300     sq.  ft 

Area  of  steam-heating  surface, 1,455     sq.  ft 

Area  of  total  heating  surface, 4,755     sq.  ft 

Area  of  gyrate  surface, 157.5  sq.  ft 

Area  through  tubes, 17.2  sq.  ft 

Area  through  flue, 27.1  sq.  ft 

Distance  of  grate  to  tube  sheet, 3  ft  7  in. 

Ratio  of  water-heating  surface  to  grate  surface,  .        .        .  20.9  to  1 

Ratio  of  steam-heating  surface  to  grate  surface, .        .        .  9.2  to  1 

Ratio  of  grate  to  tube  area, 9.1  to  1 

Kind  of  brick  setting, Common. 

ResuUs  of  Tests, 
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Teat  No.  76. 

Test  No.  77. 

Test  No.  7S. 

Manner  of  start  and  stop  and  kind  of  run, 

Ordinary. 

Ordinary. 

Ordinary. 

Duration, hrs. 

11.5 

11.5 

12 

Coal   consumed   (including   wood 

equivalent), lbs. 

25,904 

22,925 

17,635 

Percentage  of  ash,  .                .        •      % 

10.3 

13.2 

13.2 

Water  evaporated,  ....  lbs. 

158,705 

148,686 

112,995 

Coal  per  hour, lbs. 

2,252 

1,990 

1,469.5 

Coal  per  hour  per  sq.  ft.  of  grate,  .  lbs. 

14.3 

12.7 

9.3 

Water  per  hour,       ....  lbs. 

13,800.4 

12,929.2 

9,416.2 

Water  per  hour   per  square  foot 

water-heating  surface,                 .  lbs. 

4.2 

3.9 

2.8 

Horse-power  developed, .        .         H.  P.' 

555.6 

522.5 

327 

Boiler  pressure,       ....   lbs. 

72.1 

72 

72.1 

Temperature  of  feed-water,    .        .  deg. 

126 

121 

39 

Temperature  of  escaping  gases,      .  deg. 
Number  of  degrees  of  superheating,  deg. 

545 

509 

417 

80 

73 

71 

Draught  suction,      .                .        .in. 

0.16 

0.16 

0.09 

W^ater  per  pound  of  coal,        .        .  lbs. 

6.13 

6.49 

6.41 

Water  per  pound  of  coal  from  and 

at  212  degrees,     ....  lbs. 

6.87 

7.33 

7.77 

Water  per  pound  of  combustible 

from  and  at  212  degrees,     .        .  lbs. 

7.63 

8.43 

8.96 

Boiler  No.  31  has  a  brick  furnace  and  the  walls  extend  about 
half  way  up  on  the  sides  of  the  boiler.  Above  this  point  the 
shell  is  protected  by  non-conducting  covering. 
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The  three  tests  on  boiler  No.  31  afford  an  example  of  the 
performance  of  a  vertical  boiler,  which  is  deficient  in  heating 
surface,  and  the  effect  of  different  rates  of  combustion.  The 
best  performance  is  inferior  in  point  of  economy  to  that 
obtained  from  horizontal  boilers  containing  no  more  total  heat- 
ing surface  than  that  found  here,  even  with  an  extreme  allow- 
ance for  the  superior  efBciency  of  the  superheated  steam.  The 
cause  of  the  difference  is  explained  in  part  by  the  high  tem- 
perature of  the  escaping  gases.  The  vertical  boiler  with  brick 
setting  provides  a  large  amount  of  area  about  the  furnace  for 
radiation  and  leakage  of  air  into  the  furnace,  both  of  which  are 
sources  of  loss. 

The  unfavorable  effect  of  a  high  rate  of  combustion  is  here 
shown.  An  increase  in  the  rate  from  9.3  pounds  per  square 
foot  of  grate  to  14.3  pounds  is  accompanied  by  an  increase  in 
the  flue  temperature  from  417  degi'ees  to  545  degrees,  and  a 
decrease  in  the  evaporation  per  pound  of  combustible  from 
8.96  pounds  to  7.63  pounds  or  15  per  cent.* 

The  low  draught  required  for  a  vertical  boiler  is  here  notice- 
able, 0.16  inch  being  sufficient  to  burn  14.3  pounds  of  anthra- 
cite coal  per  square  foot  of  grate  per  hour  —  the  draught 
suction  being  less  than  half  the  full  capacity  of  a  moderately 
high  chimney. 

It  is  to  be  noted  that  these  boilers  have  3-inch  tubes, 
and  the  proportion  between  the  collective  tube  area  and  grate 
surface  is  larger  than  in  some  forms  of  vertical  boilers.  It  is 
probable  that  the  excess  of  tube  area  had  an  unfavorable  effect 
upon  the  economy. 

Boiler  No.  32. 

Kind  of  boiler, Water-tube. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .  Seventy. 

ELind  of  coal, Anthracite  Lehigh,  Chestnut. 

Age, Six  months. 

Dimermons, 

Number  of  tabes  4  inches  outside  diameter,         ...         84 
Length  of  tubes, 16     ft. 
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Area  of  heating  surface, 840     sq.  ft 

Area  of  grate  surface,    . 22.5  sq.  ft 

Width  of  air  spaces  and  metal  bars  in  grates,      ...  1-4     in. 

Area  through  flue  and  chimney, 4     sq.  ft 

Height  of  chimney, 57     ft 

Ratio  of  heating  surface  to  grate  surface,    .        .               .  37.3  to  1 

Ratio  of  grate  to  flue  area, 5.6  to  1 

Kind  of  brick  settiag.    ....     S  Parages  in  walk  aapp^ytog  «r 

(to  sides  of  furnace  and  bridge. 

Results  of  Test. 

Test  No.  79. 

Manner  of  start  and  stop  and  kind  of  run,   ....  Ordinary. 

Duration, 10.7  hrs. 

Coal  consumed  (including  wood  equivalent),                       .  2,252  lbs. 

Percentage  of  ash, 14  % 

Water  evaporated, 19,178  lbs. 

Coal  per  hour, 209.5  lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  9.3  lbs. 

Water  per  hour, 1,784  lbs. 

Water  per  hour  per  square  foot  of  heating  surface,     .        .  2.1  lbs. 

Horse-power  developed, 54.8  H.  P. 

Boiler  pressure, 89  lbs. 

Temperature  of  feed-water, 180  deg. 

Temperature  of  escaping  gases, 337  deg. 

Draught  suction, 0.09  in. 

Water  per  pound  of  coal, 8.52  lbs 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  8.79  lbs. 

Water  per  poimd  of  combustible  from  and  at  212  degrees,  10.61  lbs. 

The  test  on  boiler  No.  32  is  of  general  interest  in  showing 
the  performance  of  a  water-tube  boiler  working  under  some- 
what unfavorable  conditions.  The  coal  is  of  an  inferior  grade 
and  the  boiler  developed  much  less  than  its  rated  power. 

The  admission  of  air  above  the  fire  is  no  doubt  a  disadvantage 
in  this  case.  The  results  of  this  test  do  not  differ  materially 
from  the  general  results  of  the  tests  with  chestnut  coal  made  on 
boilers  Nos.  24,  25  and  26. 

Boiler  No.  33. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used, One. 

Horse-power   (basis  12  square  feet),    .        .  Fifty-three. 

Age, Six  months. 
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Dimeyisious. 

Diameter  of  shell, 48     in. 

Length  between  heads  and  length  of  tubes,         ...  15     ft. 

Number  of  tubes  3  inches  outside  diameter,        ...  49 

Area  of  heating  surface, 640     sq.  ft. 

Area  of  grate  surface  (total  of  2  furnaces),                 .        .  11.7  sq.  ft. 

Area  through  tubes, 2     sq.  ft. 

Height  of  chimney, 50     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .                .  5-8     in. 

Distance  of  grate  to  shell, 18     in. 

Distance  of  bridges  to  shell, 7     in. 

Ratio  of  heating  surface  to  grate  surface, 54.4  to  1 

Ratio  of  grate  to  tube  area, 5.9  to  1 

Kind  of  brick  setting,    ....  Double  furnace,  for  alternate  firing 

• 

Results  of  Tests, 


Test  Ko.  80. 


Test  No.  81. 


lbs. 

/o 

lbs. 
lbs. 
lbs. 
lbs. 


Kind  of  coal, 3 

Manner  of  start  and  stop  and  kind  of  run, . 

Duration, hrs. 

Coal  constuned  dry  (including  wood 
equivalent), 

Percentage  of  ash,       .... 

Water  evaporated,       .... 

Coal  per  hour, 

Coal  per  hour  per  sq.  ft.  of  grate. 

Water  per  hour, 

Water  per  hour  per  square  foot  heat- 
ing surface, lbs. 

Horse-power  developed       .  H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .  deg. 

Temperature  of  escaping  gases, .        .  deg. 

Dnuight  suction, in. 

Water  per  pound  of  coal,    .        .        .  lbs. 

Water  per  pound  of  coal  from  and  at 
212  degrees, lbs. 

Water  per  pound  of  combustible  from 
and  at  212  degrees,  ....  lbs. 


Bituminous 
Cumberland. 
Ordinary. 
IU.5 

2,368 

8.5 

19,734 

225.5 

19.3 

1,879.4 

2.9 
65.3 
50.1 
41 
472 
0.25 
8.33 

10.00 

10.93 


Anthracite  Le- 
high, Broken. 
Ordinary. 
11 

1,587 

13.5 

11,496 

144.3 

12.5 

1,045.1 

1.6 
36.3 
50.9 
41 
354 
0.12 
7.24 

8.69 

10.05 


Boiler  No.   33  has  a  special  arrangement  of  setting.      A 
furnace  is  placed  under  each  end  of  the  boiler,  located  in  the 
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same  manner  with  reference  to  the  boiler  as  the  furnace  in  the 
common  horizontal  boiler.  A  damper  is  provided  in  each 
front  connection  for  the  control  of  the  flue  gases,  and  another 
above  each  furnace  at  the  entrance  to  the  chamber  in  front  of 
the  tubes,  to  control  the  passage  of  the  products  of  combustion 
into  the  boiler.  The  method  of  operation  consists  in  firing 
the  furnaces  alternately.  The  products  of  combustion  from 
either  furnace  are  made  to  pass  over  the  burning  coal  in  the 
other  furnace,  whenever  either  one  is  supplied  with  fresh  coal. 
Just  previous  to  each  firing  the  dampers  are  changed  so  that 
the  desired  result  may  be  secured.  The  object  of  this  form  of 
setting  is  to  secure  more  thorough  combustion  and  increased 
economy.  The  fire  in  the  secondary  furnace  serves  to  heat 
and  ignite  the  unburned  gases  formed  in  the  first. 

Taking  the  results  of  the  test  with  anthracite  coal,  it  appears 
that  the  temperature  of  the  escaping  gases  was  low,  with  a 
reasonably  high  rate  of  combustion,  and  it  may  be  reasoua])ly 
assumed  that  the  boiler  was  working  with  as  good  economy  as 
could  be  obtained.  The  result  was  10.05  pounds  of  water 
from  and  at  212  degi-ees  per  pound  of  combustible,  which,  for 
this  kind  of  coal,  must  be  regarded  as  an  inferior  performance. 
Taking  the  test  with  bituminous  coal,  the  result  is  more  favor- 
able, if  account  is  taken  of  the  high  temperature  of  the  waste 
gases ;  but,  as  it  stands,  it  is  inferior  to  the  figures  often 
obtained  from  the  horizontal  tubular  boiler  with  the  ordinary 
setting. 

The  quantity  of  smoke  issuing  from  the  chimney  when  Cum- 
berland coal  was  used,  was  materially  less  than  occurs  with 
the  ordinary  boiler  setting,  and  this  is  an  indication  that  the 
system  exerts  a  favorable  eflect  as  a  smoke  preventer. 


Boiler  No.  34. 

Kind  of  boilers, Horizontal  return  tubular 

Number  used, Four. 

Horse-power  (collective, basis  12 sq.ft.),  Two  hundred  and  seventy-five. 

Kind  of  coal, Bituminous  Cumberland. 
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Dimensions. 

XlDiameter  of  shell, 60     in. 

lL.ength  between  heads  and  length  of  tubes, ....  12     ft. 

^Kamber  of  tubes  (collective)  3  inches  outside  diameter,     .  336 

^Area  of  heating  surface, 3,634     sq.  ft. 

^rea  of  grate  surface, 120     sq.  ft. 

.Area  through  tubes, 13.8  sq.  ft. 

^rea  Uirough  flue, 16.9  sq.  ft. 

height  of  chimney, 123     ft. 

'Width  of  air  spaces  and  metal  bars  in  grates, .      Air  3-8  in.,  metal  7-16  in. 

Distance  of  grate  to  shell, 24     in. 

Distance  of  flat  bridge  to  shell, 9     in. 

Character  of  space  behind  bridge, Open. 

Ratio  of  heating  surface  to  grate  surface,    ....  29.4  to  1 

Ratio  of  grate  to  tube  area, 8.7  to  1 

Kind  of  brick  setting, Conmion. 

Results  of  Test, 

Test  Ko.  82. 

Manner  of  start  and  stop, Thin  fire. 

Kind  of  run, Continuous. 

Duration, 10.2    hrs. 

Coal  consumed  dry, 13,293       lbs. 

Percentage  of  ash, 8.7    % 

Water  evaporated, 113,115       lbs. 

Coal  per  hour, 1,307.6    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  10.9    lbs. 

Water  per  hour, 11,125.6    lbs. 

\Vater  per  hour  per  square  foot  of  heating  surface,  3.1    lbs. 

ilorse-power  developed, 380       II.  P. 

toiler  pressure, 91       lbs. 

Temperature  of  feed-water, 117       deg. 

Temperature  of  escaping  gases, 530       deg. 

Xhranght  suction, 0.31  in. 

"Water  per  pound  of  coal, 8.50  lbs. 

"Water  per  pound  of  coal  from  and  at  212  degrees,  9.67  lbs. 

^Water  per  pound  of  combustible  from  and  at  212  degrees,  10.60  lbs. 

Note.  —  The  coal  when  fired  contained  3  per  cent,  of  moisture. 

The  test  on  boiler  No.  34  gives  the  performance  of  Cumber- 
land coal  upon  a  horizontal  return  tubular  boiler  having  short 
tubes  and  a  comparatively  small  amount  of  heating  surface. 
The  ratio  of  heating  surface  to  grate  surface  is  29.4  to  1.     The 
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rate  of  combustion  is  not  high,  being  only  10.9  pounds  of  coal 
per  square  foot  of  grate  per  hour,  but  the  temperature  of  the 
waste  gases  is  excessive,  due,  no  doubt  in  part,  to  the  defi- 
ciency of  heating  surface.  The  high  temperature  of  the  gases 
and  the  low  evaporative  result  go  hand  in  hand,  and  one  may 
be  reasonably  attributed  to  the  other.  Compared  with  other 
tests  which  have  been  given,  the  waste  heat  appears  somewhat 
higher  than  would  be  expected  in  view  of  the  rate  of  combus- 
tion and  the  area  of  heating  surface,  and  it  is  possible  that 
some  of  this  was  due  to  the  presence  of  scale  in  the  boiler. 


Boiler  No.  35. 

Kind  of  boilers, Water-tube. 

Number  used, Two. 

Horse-power  (col  lecti ve,  basis  1 2  sq.  ft.) ,        Two  hundred  and  thirty-four. 

Kind  of  coal, Anthracite  Shamokin,  Pea. 

Age, Three  years. 

Dimensions, 

Number  of  tubes  (collective)  4  inches  outside  diameter,     .  128 

Length  of  tubes, 18     ft. 

Area  of  heating  surface, 2,807      sq.  ft. 

Area  of  grate  surface, 70.8  sq.  ft. 

Area  through  flue, 9.8  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .    Air  5-16  in.,  metal  7-16  in. 

Ratio  of  heating  surface  to  grate  surface,    .        .        .        .  40     to  1 

Ratio  of  grate  surface  to  flue  area, 7.2  to  1 

Kind  of  brick  setting, Common. 

Results  of  Test, 

Test  No.  83. 

Manner  of  start  and  stop  and  kind  of  run,    ....  Ordinary. 

Duration, 11       hrs. 

Coal  consumed  dry  (including  wood  equivalent),        .        .  10,884       lbs. 

Percentage  of  ash, 16.6    % 

Water  evaporated, 92,336       lbs. 

Coal  per  hour, 989.5     lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  14       lbs. 

W^ater  per  hour, 8,394.3    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,     .        .  3       lbs. 

Horse-power  developed, 255.8    H.  P. 

Boiler  pressure, 101       lbs. 
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Test  No.  8B. 

Temperature  of  feed-water, 151       deg. 

Temperature  of  escaping  gases, 371       deg 

Draught  suction, 0.36  in. 

Percentage  of  moisture  in  steam, 0.6    % 

Water  per  pound  of  coal, 8.48  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  .  9.39  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  11.26  lbs. 

Note.  —  The  coal  when  fired  contained  5  per  cent  of  moisture. 


Boiler  No.  35  differs  from  the  ordinary  water-tube  boiler  in 
being  provided  with  a  small  flue  heater.  The  area  of  heating 
surface  w^hich  it  contained  was  260  square  feet,  which  is  9 
per  cent,  of  that  in  the  boiler.  The  temperature  of  the  es- 
caping gases  given  was  taken  between  the  heater  and  the 
chimney.  The  heater  added  18  degrees  to  the  temperature 
of  the  water. 

Test  No.  83  exhibits  the  performance  of  a  water-tube  boiler 
under  favorable  circumstances.  The  horse-power  developed  is 
somewhat  above  the  rated  capacity,  the  rate  of  combustion  is 
reasonably  high,  and  the  temperature  of  the  escaping  gases 
is  quite  low.  These  conditions  are  all  favorable  and  the  result 
is  seen  to  be  exceptional  for  the  fine  grade  of  anthracite  coal 
which  was  used.  The  favorable  result  can  be  attributed  in 
only  a  slight  degree  to  the  action  of  the  flue  heater. 

Boilers  Nos.  36  and  37. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  use<i, One. 

Horse-power  each  (basis  12  sq.  ft.),      .        Eighty. 

Kind  of  coal  each ^  Three  parts  Pea  and  Dust,  one 

(     part  Cumberland. 
Age, No.  36  two  years.  No.  37  one  year. 

Dimensions  far  Each, 

Diameter  of  shell, »        .        .  60  in. 

Length  between  heads  and  length  of  tubes,          ...  15  ft. 

Number  of  tubes  3}  inches  outside  diameter,       ...  64 

Area  of  heating  surface, 959  sq.  ft. 
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Area  of  grate  surface, 25^  sq.  ft 

Area  through  tubes, 3.7  sq.  ft 

Area  through  flue, 3     sq.  ft 

Height  of  chimney, 75     ft 

Width  of  air  spaces  and  metal  bars  in  grates,      .        .        .        3-8     in. 

Distance  of  grate  to  shell, 26     in. 

Distance  of  flat  bridge  to  shell, 9     in. 

Character  of  space  behind  bridge,                         .  Filled,  inclined  covering. 
Ratio  of  heating  surface  to  grate  surface,    .        .                .  37.1  to  1 

Ratio  of  grate  surface  to  tube  area, 7     to  1 

(  No.  36,  passages  in  walls  admit- 
Kind  of  brick  setting,    .        .        .        .     ^     ting  air  to  sides  of  furnace  and 

C     bridge.    No.  37,  conmion. 

EesuUs  of  Tests.     (Average  of  2  runs.) 


BoUer  No.  3$. 
Test  No.  9L 


Boiler  No.  87. 
Twt  No.  85. 


Manner  of  start  and  stop  and  kind  of  run. 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiv- 
alent),        lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 

surface, lbs. 

Horse-power  developed,  .        .         H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,       .        .        .  deg. 

Temperature  of  escaping  gases,         .        .  deg. 

Draught  suction, in. 

Water  per  pound  of  coal,   ....  lbs. 

Wat(^r  per  pound  of  coal  fi'om  and  at  212 

degrees, lbs. 

Water  per  pound  of  combustible  from  and 

at  212  degrees, lbs. 


Ordinary. 
10.5 

2,842 

U.l 
20,649 
270.8 
10.46 
1,967.7 

2.1 
68.4 
56.3 
89.5 
467 
0.37 
7.24 

8.76 

10.23 


Ordinarv. 

10.O 

3,110 

14.5 
23,581 
296.4 
11.46 
2,247.3 

2.3 

78.7 
63 
39.5 
474 
0.89 
7.58 

9.17 

10.74 


Note.  —  The  coal  when  fired  contained  3  J  per  cent  of  moisture. 


The  tests  on  boilers  Nos.  36  and  37  were  made  to  deteniiinc 
the  effect  produced  by  the  admission  of  air  over  the  fire,  one 
boiler  being  arranged  to  admit  air  which  had  passed  through 
the  side  walls,  and  the  other  having  no  provision  of  this  kind. 
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In  other  respects,  the  two  boilers  were  identical  both  as  to  size 
and  arrangement,  but  one  had  been  in  use  a  somewhat  longer 
period  of  time  than  the  other.  The  tests  were  conducted 
simultaneously  with  fuel  which  had  been  thoroughly  mixed  so 
as  to  obtain  the  same  quality  for  both  cases. 

The  results  show  an  appreciable  loss  in  the  case  of  boiler 
JNo.  36,  the  evaporation  being  nearly  5  per  cent,  below  that  of 
INo.  37,  and  this  inferior  performance  can  only  be  attributed  to 
^he  unfavorable  effect  produced  by  the  admission  of  air  above 
the  fuel 

It  appears  that  in  both  cases  the  temperature  of  the  waste 
gases  was  higher  than  boilers  show  which  work  with  the  best 
economy. 

Boiler  No.  37  was  subsequently  tried  with  anthracite  broken 

coal,  containing  13.3  per  cent,  of  ash,  and  burning  10.5  pounds 

of  coal  per  square  foot  of  grate  per  hour,  with  a  draught  of 

0.29  of  an  inch,  and  gave  an  evaporation  of  11.04  pounds  of 

»vater  per  pound  of  combustible  from  and   at   212   degrees.    . 

This  is  a  favorable  result  considering  the  temperature  of  the 

gases,  which  was  463  degrees.     The  horse-power  developed 

^as  150. 


Boiler  No.  38. 

^ind  of  boiler, Water-tube.     ^ 

i^umber  used, One. 

^orse-power  (basis  12  square  feet),  .  One  hundred. 

^indofcofd, Anthracite  Lehigh,  Broken. 

Age, Six  months. 

Dimensions. 

Number  of  tubes, 54 

Length  of  tubes, 18     ft. 

Area  of  heating  surface, 1,196     sq.  ft. 

Area  of  grate  surface, 28.7  sq.  ft. 

Area  through  flue, 9.8  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .     Air  3-8  in.,  metal  1-4  in. 

Ratio  of  heating  surface  to  grate  surface,     ....  40.3  to  1 

Ratio  of  grate  surface  to  flue  area, 6.1  to  1 

Kind  of  brick  setting, Common. 
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EesuUs  of  Test. 

TMt  No.  88. 

Manner  of  start  and  stop  and  kind  of  run,   ....  Ordinary. 

Duration, 10.5    hn. 

Coal  consumed,      .      ' 5,553       lbs. 

Percentage  of  ash, 9-2    % 

Water  evaporated, 45,803       lbs. 

Coal  per  hour, 5288    lbs. 

Coal  per  hour  per  square  foot  of  grate,        .                        .  17.8    lbs. 

Water  per  hour, 4,362.2    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,     .  3.6    lbs. 

Horse-power  developed, 133.1    H.  P. 

Boiler  pressure, 73       lbs. 

Temperature  of  feed-water, 183       deg. 

Temperature  of  escaping  gases, 540       deg. 

Water  per  pound  of  coal, 8.24  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .  8.77  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  9.68  lbs. 

The  test  on  boiler  No.  38  shows  the  performance  of  a  water- 
tube  boiler  having  favorable  proportions  and  using  a  standard 
grade  of  fuel,  but  working  under  unfavorable  conditions  for 
economy.  The  rate  of  combustion  was  17.8  pounds  per  square 
foot  of  grate  per  hour,  which,  for  this  class  of  fuel,  is  ordi- 
narily too  high  for  economical  work.  The  high  temperature 
of  the  waste  gases,  which  is  540  degrees,  reveals  the  locality  of 
the  loss,  and  indicates  the  reason  for  the  low  evaporative  result. 
The  horse-power  developed  is  one-third  above  the  rated  power. 


Boiler  No.  39. 

Kind  of  boilers, Vertical  tubular  (nest). 

Number  used, Two. 

lIorse-power( collective, basis  10 sq.ft.),  Three  hundred  and  eighty. 

Kind  of  coal, Anthracite,  Chestnut  No.  2. 

Age, Ten  years. 

Dimensions, 

Diameter  of  central  shell, 36  in. 

Lengtii  of  central  shell, 21  ft. 

Diameter  of  outer  shells  (G  in  number),  each,      ...  30  in. 

Length  of  outer  shells  and  length  of  tubes,  ...  10  ft. 
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Nninber  of  tabes  (collective)  2  inches  outside  diameter,     .  516 

Area  of  water-heating  surface, 2,224     sq.  ft. 

Area  of  steam-heating  surface, 1,566     sq.  ft. 

Area  of  total  heating  surface, 3,790     sq.  ft. 

Area  of  grate  surface, 143     sq.  ft 

Area  through  tubes, 8.6  sq.  ft. 

Area  through  flue, 10     sq.  ft 

Ratio  of  water-heating  surface  to  grate  surface,  .                .  15.5  to  1 

Ratio  of  steam-heating  surface  to  grate  surface,  .        .        .  11     to  1 

Ratio  of  grate  surface  to  tube  area, 16.6  to  1 

Kind  of  brick  setting,    .                Common. 


RestUts  of  Test, 

Tett  No.  87. 

Manner  of  start  and  stop  and  kind  of  run,    ....  Ordinary. 

Duration, 11       hrs. 

Coal  consumed, 11,862       lbs. 

Percentage  of  ash, 12.9 

Water  evaporated, 82,584       lbs. 

Coal  per  hour, 1,078.4    lbs. 

Coal  per  hour  per  square  foot  of  grate,        .        .        .  7.5    lbs. 

Water  per  hour, 7,507.6    lbs. 

Water  per  hour  per  square  foot  of  water-heating  surface,  .  3.4    lbs. 

Horse-power  developed, 242.8    H.  P. 

Boiler  pressure, 83       lbs. 

Temperature  of  feed-water, 120       deg. 

Temperature  of  escaping  gases, 468       deg. 

Number  of  degrees  of  superheating, 31       deg. 

Draught  suction, 0.08  in. 

Water  per  pound  of  coal, 6.96  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  7.86  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  8.91  lbs. 


Boiler  No.  39  is  a  vertical  tubular  boiler  consisting  of  six 
vertical  shells  filled  with  tubes,  surrounding  and  communica- 
ting with  a  central  shell.  The  whole  is  enclosed  in  a  circular 
wall  which  forms  the  setting.  The  flue  space  is  separated 
from  the  furnace  space  by  iron  plates  fitting  around  the  shells. 
This  type  of  boiler  does  not  differ  in  principle  from  the  ordi- 
nary vertical  boiler,  but  it  differs  somewhat  in  the  propor- 
tions. It  has  a  low  proportion  of  water-heating  surface 
to  grate  surface,  namely,  15.5  to  1,  and  a  correspondingly 
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high  proportion  of  steam-heating  surface.     The  tube  area 
small. 

The   test  was   made   using   one   of  the   inferior   grades  of 

anthracite  coal.     The  rate  of  combustion  is  low,  and  there  is 

consequently  a  smalUamount  of  power  developed.     The  pow  —  -  -    er 
is  nearly  40  per  cent,  below  the  nominal  power.     In  spite  of 

this  low  rate,  the  temperature  of  the  escaping  gases  is  hi^^^^^h, 
being  468  degrees,  and  the  economic  result  is  inferior. 

In  this  type  of  boiler,  as  in  other  vertical  boilers  set  in  Hri<       »  — »b- 
work,  there  is  a  large  exterior   surface  exposed  to  the  a^^i^ii-ir. 

This  surface  not  only  causes  radiation,  but,  owing  to  the  i" ^n, 

stable  condition  of  brick-work  which  has  had  a  long  period  of 

service,  it  provides  many  avenues  for  the  entrance  of  air  b^^K=3th 
to  the  furnace  and  to  the  flue  space.     The  effect  of  unnecess^  ^ry 

admission  of  air  is  to  reduce  the  eflSciency  of  the  fuel  and  to 

lower  the  temperature  of  the  gases.      The  last  named  ett^  -^«ct 


causes  the  apparent  indication  of  waste  heat  to  be  much  L  -^^^ss 
than  the  real  quantity. 


Boiler  No.  40. 

Kind  of  boilers, Plain  cylinder. 

Number  used, Four, 

Horse-power  (collective,  basis  6  sq.  ft.),        .  Two  hundred  and  twei 

Kind  of  coal, Anthracite,  Chestnut  M^^^:=^- 2. 

Age, Ten  years. 


Dimensions. 

Diameter  of  shells  (3  in  each), 80 

Length  of  shells, 30 

Area  of  heating  surface, 1,320     sq ^• 

Area  of  grate  surface, 176     sci- ^• 

Area  through  flue, 10.5  »cj  —  "• 

Height  of  chimney, .  120     ft- 

Width  of  air  spaces  and  metal  bars  in  grates,      .        .        .  3-8     1x3——* 

Distance  of  grate  to  shell, 16     io^ 

Ratio  of  heating  surface  to  grate  surface,     ....  7.5  to 

Ratio  of  grate  surface  to  flue  area, 16.7  t<*^ 

Kind  of  brick  setting, Conuno^ 
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Results  of  Tests, 


Test  No.  88. 


Test  No.  89. 


Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiva- 
lent),         lbs.  1 

Percentage  of  ash, %  j 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .   lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 
surface,    .......  lbs. 

Horse-power  developed,  .  H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,       .  .  deg. 

Temperature  of  escaping  gases,  .  deg. 

Water  per  pound  of  coal,    ....   lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees,   . lbs. 

Water  per  pound  of  combustible  from  and 
at  212  degrees, lbs. 


Ordinary. 
10.7 

14,061 

14 

98,256 

1,308 

7.4 
9,140.1 

6.9 
272 
72.7 
207 
650 

6.99 

7.27 
8.44 


Ordinary. 
11.5 

12,264 

14.7 

83,416 

1,066.4 

6.1 

7,253.6 

5.5 
240 
71.2 
93 
567 
6.80 

7.89 

9.22 


Note.  —  The  coal  when  fired  contained  5  per  cent,  of  moisture.    On  test 
No.  89  the  ash-pit  doors  were  partly  closed. 


Tests  Nos.  88  and  89  give  the  performance  of  plain  cylinder 
boilers  working  with  two  different  rates  of  combustion,  both  of 
which  are  medium  rates,  when  compared  with  the  work  of 
tubular  boilers.  These  boilers  have  a  proportion  of  only  7.5 
square  feet  of  heating  surface  to  one  of  grate.  This  propor- 
tion is  exceedingly  low.  The  proportion  in  the  horizontal 
tubular  boiler  is  never  below  25  to  1,  and  the  proportion  of 
water-heating  surface  in  the  vertical  boiler  is  never  below  15 
to  1. 

In  view  of  the  low  results  obtained  on  many  of  the  boilers 
which  have  been  given  in  this  paper,  the  results  on  these 
lK)iler8  must  be  considered  excellent.  It  is  to  be  noted  that 
the  rate  of  evaporation  per  square  foot  of  heating  surface, 
which  is  5.5  pounds,  exceeds  any  figure  ordinarily  obt^iined 
,  from  the  most  approved  type  of  boiler,  and  the  temperature  of 
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the  escaping  gases  is  correspondingly  high,  yet  the  evaporation 
in  the  second  test  is  9.22  pounds  of  water  from  and  at  212 
degrees  per  pound  of  combustible,  which  is  not  more  than  15 
per  cent,  or  20  per  cent,  below  the  best  result  which  can  ordi- 
narily be  obtained  with  this  class  of  fuel  from  the  horizontal 
tubular  form  of  boiler. 

It  is  probable  that  the  excessive  temperature  of  the  waste 
gases  here  is  a  true  indication  of  the  extent  of  the  loss  in 
economy. 

It  will  be  seen  that  the  result  of  test  No.  89  is  quite  as 
favorable  as  that  of  test  No.  87,  made  on  a  vertical  tubular 
boiler.  One  boiler  is  of  the  most  primitive  type,  while  the 
other  was  at  one  time  considered  the  most  approved  example 
of  modern  steam  generators. 


Kind  of  boilers, 

Number  used, 

Horse-power  (collective,  basis  12  sq.  ft.) , 

Kind  of  coal, 

Age 


Boiler  No.  41. 

Cast-iron  sectional. 
Eight. 


Four  hundred  and  sixty-six. 
Anthracite,  Chestnut  No.  2. 
Twelve  years. 


Dimensions 


Area  of  heating  surface, 

Area  of  grate  surface,    .... 

Area  through  flue, 

Height  of  chimney,         .... 
Width  of  air  spaces  and  metal  bars  in  grates 
Ratio  of  heating  surface  to  grate  surface. 
Ratio  of  grate  surface  to  flue  area, 
Kind  of  brick  setting,    .... 
Area  of  heating  surface  in  flue  heater. 


5,592     sq. 
207.2  sq. 
18     sq. 
110     ft. 
S-8     in. 
27     to^ 
11.5  to 
CommoD' 
1,280     sq 
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Results  of  Tests, 


TMt  No.  90. 


Test  No.  91. 


Conditions  as  to  flue  heater,       .        .        .        < 

Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiv- 
alent),       *        .  lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,    .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 

surface,    .        .  /      .  .  lbs. 

Horse-power  developed,     .        .        .        H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water  entering  heater,  deg. 
Temperature  of  feed-water  entering  boilers,  deg. 
Temperature  of  escaping  gases  leaving 

boilers, .  deg. 

Temperature  of  escaping  gases  entering 

chimney,  .......  deg. 

Number  of  degrees  flue  heater  added  to 

water, deg. 

Number  of  degrees  flue  heater  reduced 

gases, deg. 

Water  per  pound  of  coal,  ....  lbs. 
"Water  per  pound  of  coal  from  and  at  212 

degrees, lbs. 

'Water  per  pound  of  combustible  from  and 

at  212  degrees, lbs. 


Heater  in 

use. 
Ordinary. 
11 

20,400 

15.5 
153,660 
1,897.7 
9.2 
13,968 

2.5 
464.4 
82 
111 
169 

403 

299 

58 

104 
7.53 

8.13 

9.62 


Heater  not 

in  use. 
Ordinary. 
11 

22,789 

15.2 
157,166 
2,071.6 

10 
14,288 

• 

2.6 
486.9 

82 

112 


434 


6.89 
7.85 
9.68 


Note.  —  The  coal  in  test  No.  90  when  fired  contained  5.5  per  cent,  of 
moisture ;  that  in  No.  91  contained  3.6  per  cent. 

Tests  Nos.  90  and  91  exhibit  the  performance  of  cast-iron 
sectional  boilers  which  had  been  subjected  to  a  long  period  of 
service,  and  were  covered  to  some  extent  with  scale.  This 
form  of  boiler  is  encased  in  brick-work  which  exposes  a  large 
extent  of  surface  to  the  air.  The  exposure  causes  loss  on  the 
one  hand  by  radiation,  and  on  the  other  hand  by  leakage  of  air 
into  the  furnace  and  combustion  chambers.  As  an  indication 
of  the  extent  to  which  leakage  of  air  occurred,  it  may  be  said 
that  a  draught  suction  in  the  main  flue  amounting  to  0.65  of  an 
inch  water  pressure,  was  reduced  to  0.34  of  an  inch  in  the 
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furnace  of  one  of  these  boilers,  with  the  fire-doors  and  ash-pit 
doors  tightly  closed  and  the  damper  wide  open.  Had  there 
been  no  leakage,  the  full  suction  of  the  main  flue  would,  under 
these  circumstances,  have  been  secured  at  the  furnace. 

Looking  at  the  general  result  produced  on  test  No.  91,  it 
appears  to  be  little  better  than  that  obtained  on  the  plain 
cylinder  boiler,  test  No.  89,  in  which  the  temperature  of  the 
waste  gases  was  567  degrees,  or  133  degrees  higher.  The 
lower  temperature  evidently  produced  the  greater  proportion- 
ate loss  on  account  of  air  leakage. 

These  tests  are  interesting  in  showing  the  effect  produced 
by  warming  the  feed-water  by  means  of  heat  derived  from  the 
flue.  The  heater  consists  of  vertical  cast-iron  pipes  which  are 
kept  clean  by  means  of  scrapers,  worked  alternately  up  and 
down,  and  operated  by  power.  A  reduction  of  104  degrees  in 
the  temperature  of  the  gases,  caused  by  passing  through  the 
heater,  was  accompanied  by  an  addition  of  58  degrees  to  the 
temperature  of  the  feed-water,  and  an  increase  in  the  evapora- 
tion per  pound  of  coal  of  0.64  of  a  pound  of  water,  which  is 
9.3  per  cent. 

An  interesting  question  pertaining  to  this  result  is  the  actual 
economy  secured  by  the  use  of  the  heater,  when  its  cost  is 
taken  into  account.  The  total  cost  of  such  a  heater,  including 
the  cost  of  the  setting  and  all  expenses  of  transportation  and 
erection,  is  some  $2,500.  The  cost  of  fuel  saved  in  a  year 
on  the  basis  of  $3.50  per  ton,  figured  upon  the  results  here 
obtained,  is  about  $1,000.  Here  is  a  yearly  return  of  40  per 
cent,  upon  the  investment. 

When  the  same  heater  was  supplied  with  water  at  200 
degrees,  and  the  flue  gases  entered  at  380  degrees,  the  tem- 
perature of  the  water  was  raised  25  degrees. 

Boiler  No.  42. 

Kind  of  boilers, Horizontal  return  tubular. 

Number  used, Two. 

llorse-power  (collective,  basis  12  sq.  ft.),     .  Two  hundred  and  twenty. 

Kind  of  coal, Anthracite  Lehigh,  Egg. 

Age, Twelve  years. 
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Dimensions. 

Diameter  of  shell, 60     in. 

Length  between  heads  and  length  of  tubes,         ...  17     ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,    .  192 

Area  of  heating  surface, 2,680     sq.  ft. 

Area  of  grate  surface, 39     sq.  ft. 

Area  through  flue, 9.8  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,     .  Air  3-8  in.,  metal  7-16  in. 

Ratio  of  heating  surface  to  graXe  surface,    .        .        .        .  68     to  1 

Ratio  of  grate  surface  to  tube  opening,        .        .        .        .  4.9  to  1 

Kind  of  brick  setting, Common. 

Results  of  Test. 

Test  No.  92. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration, 10       hrs. 

Coal  consumed, 4,608       lbs. 

Percentage  of  ash, 12.9    % 

Water  evaporated, 41,714       lbs. 

Coal  per  hoiu*, 450.8    lbs. 

Coal  per  hour  per  square  foot  of  grate,        .                .        .  11.5    lbs. 

Water  per  hour, 4,171.4    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,    .        .  1.6    lbs. 

Horse-power  developed, 124.2      H.  P. 

Boiler  pressure, 75       lbs. 

Temperature  of  feed-water, 206       deg. 

Temperature  of  escaping  gases, 350       deg. 

Water  per  pound  of  coal, 9.25  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  9.62  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  11.03  lbs. 

Boiler  No.  42  h  fitted  with  a  much  smaller  grate  than  is  gen- 
erally used  in  a  horizontal  tubular  boiler,  and  for  this  reason, 
the  proportion  of  heating  surface  to  grate  surface,  which  is  68 
to  1,  is  large,  and  that  of  grate  to  tube  area  is  small.  In  these 
respects  it  is  like  the  double-deck  boilers  which  have  been  re- 
ferred to  elsewhere.  The  boiler  is  of  somewhat  greater  length 
than  that  of  the  ordinary  type.  The  temperature  of  the  es- 
caping gases  is  low,  and  the  economic  result  obtained,  viz., 
11.03  pounds  of  water  fi'om  and  at  212  degrees  per  pound  of 
combustible,  is  favorable.  This  test  shows  that  a  boiler  which 
is  called  upon  to  produce  a  much  less  quantity  of  power  than 
the  rated  power,  can  be  made  to  work  with  good  economy  by 
simply  reducing  the  grate  surface. 
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Boiler  No.  43. 

Kind  of  boilers, 

Nomber  used, 

Horse-power  (eollectiye,  basis  12  sq.  ft),     . 
Kind  of  coal,  ....... 

Age, 


Horizontal  return  tnbalar. 

Three. 

Four  hundred  and  fifty. 

Anthracite,  Chestnot  No.  2. 

Three  months. 


Dimensions. 

Diameter  of  shell, 

Length  between  heads  and  length  of  tabes, . 

Number  of  tubes  (collective)  3  inches  outside  diameter. 

Area  of  heating  surface, 

Area  of  grate  surface, 

Area  through  tubes, 

Area  through  flue, 

Height  of  chimney, 

Width  of  air  spaces  and  metal  bars  in  grates. 

Distance  of  grate  to  shell, 

Distance  of  flat  bridge  to  shell,     . 
Character  of  space  behind  bridge. 
Ratio  of  heating  surface  to  grate  surface. 
Ratio  of  grate  surface  to  tube  area. 
Ratio  of  grate  surface  to  flue  area. 
Kind  of  brick  setting,    . 


72 

16 

420 

5,412 

90 


m. 
ft. 


sq.  ft 
sq.  ft. 
17.3  sq.  ft 
12.6  sq.  ft 
85     ft 
1-2  in. 
28     in. 
10     in. 
Filled,  covering  level. 
60     to  1 
5.2  to  1 
7.1  to  1 


Common,  with  air  supplied  at  bridge. 


Results  of  Test, 

Manner  of  start  and  stop  and  kind  of  run,    . 

Duration, 

Coal  consumed  dry  (including  wood  equivalent). 

Percentage  of  ash, 

Coal  per  hour, 

Coal  per  Iiour  per  square  foot  of  grate, 

VV'ater  per  lioiu", 

Water  j)er  hour  per  square  foot  of  heating  surface. 

Horse-power  developed, 

Boiler  pr(;ssure, 

Temperature  of  feed-water, 

Temperature  of  escaping  gases,    .... 

Draught  suction, 

Water  per  i)oim(l  of  coal, 

Water  per  pound  of  coal  from  and  at  212  degrees. 

Water  per  pound  of  combustible  from  and  at  212  degrees. 

Note.  —  The  coal  when  fired  contained  7  per  cent,  of  moisture. 


Test  y< 

>.93. 

Ordinary. 

10.7 

hrs. 

9,901 

lbs. 

15.7 

% 

927.9 

lbs. 

10.3 

lbs. 

6,979.8 

lbs. 

1.3 

lbs. 

241.0 

H.P. 

80 

lbs. 

44 

deg. 

316 

deg. 

0.82 

in. 

7.52  lbs. 

9.10  lbs. 

10.78  lbs. 
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Boiler  No.  43  exhibits  the  performance  of  a  set  of  boilers 
having  Jarge  shells  and  a  large  amount  of  heating  surface  in 
proportion  to  grate,  using  a  low  grade  of  anthracite  coal  con- 
taining, when  fired,  a  considerable  percentage  of  moisture.  The 
air  admitted  at  the  bridge  Wall  was  through  perforated  cast- 
iron  spheres  exposed  to  the  heat  of  the  products  of  combustion. 
The  quantity  admitted  was  increased  over  that  naturally  drawn 
in,  by  means  of  a  steam  jet,  which  discharged  into  the  passage 
leading  to  the  bridge  wall.  The  result  of  the  test  in  point  of 
economy  is  favorable.  It  would  doubtless  have  been  more 
favorable  still  if  there  had  been  less  moisture  in  the  coal. 
There  is  a  low  temperature  of  the  escaping  gases,  an  indication 
that  the  boiler  absorbed  nearly  the  whole  of  the  heat.  The 
quantity  of  power  developed  is  but  little  over  half  the  rated 
power  of  the  boilers.  The  capacity  is  sacrificed  for  the  sake  of 
economy.  It  is  questionable  whether  the  sacrifice  is  a  wise 
one,  looked  at  from  a  commercial  point  of  view,  for  it  is  prob- 
able that  nearly  if  not  quite  as  good  economy  from  boilers  of 
smaller  diameter,  containing  a  less  number  of  tubes,  and  con- 
sequently a  smaller  amount  of  heating  surface,  might  be 
obtained. 


Boiler  No.  44. 

Kind  of  boiler, 

Number  used, 

Horse-power  (basis  12  square  feet), 

Kind  of  coal, 

Age 


Horizontal  return  tubular. 
One. 

Fifty-three. 
Anthracite,  Broken. 
Several  years. 


Dimensions, 

Diameter  of  shell, 

Length  between  heads  and  length  of  tubes, 

Number  of  tubes  3  inches  outside  diameter, 

Area  of  heating  surface. 

Area  of  grate  surface,  . 

Area  tlu-ough  tubes, 

Area  through  flue, . 

Height  of  chimney. 

Width  of  air  spaces  and  metal  bars  in  grates, 

Distance  of  grate  to  shell,     .... 


48 
15 
49 
639 
24 
2 


m. 
ft. 


ft 
ft. 
ft. 


sq 
sq 
sq 
1.3  sq.  ft. 
55     ft. 
Air  5-8  in.,  metal  7-8  in. 
17     in. 
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Distance  of  bridge  wall  to  shell, 4     in. 

Ratio  of  heating  surface  to  grate  surface,    .                .        .  26.6  to  1 

Ratio  of  grate  surf  ace  to  tube  area, 11.9  to  I 

Kind  of  brick  setting,    .                                ....  Common. 

Results  of  Test. 

Te«t  No.  94. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration, 11.2    lurs. 

Coal  consumed  (including  wood  equivalent),              .        .  2,138       lbs. 

Percentage  of  ash, 12       % 

Water  evaporated, 18,224       lbs. 

Coal  per  hour, 190       lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  7.9    lbs. 

Water  per  hour, 1,619.9    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,    .        .  2.5    lbs. 

Horse-power  developed, 48.1    H.  P. 

Boiler  pressure, , .        .  59       lbs. 

Temperature  of  feed- water, 210.5    deg. 

Temperature  of  escaping  gases, 474       deg. 

Draught  suction, 0.30  in. 

Water  per  pound  of  coal, 8.52  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .         .  8.78  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  9.87  lbs. 

Test  No.  94  gives  a  somewhat  low  evaporative  result  for  an- 
thracite l:)roken  coal.  This  is  not  surprising  when  the  tempera- 
ture of  the  escaping  gases  is  taken  into  account,  this  temperature 
being  474  degrees.  The  cause  of  the  high  temperature  is  due 
prolMl)ly  to  the  small  proportion  which  the  heating  surface 
l)cars  to  the  grate  surface.     The  proportion  is  26.6  to  1. 

The  power  developed  is  a  considerable  amount  below  the 
nominal  power  of  the  l)oiler.  The  small  flue  area  is  evidently 
the  cause  of  the  low  rate  of  power,  because  the  draught  suction, 
which  was  0.3  of  an  inch,  is  suflicient  to  secure  much  more 
power  than  was  obtained.  • 

Boiler  No.  45. 

Kind  of  boiler, Vertical  tubular  (rolling-pin). 

Number  in  use, One. 

llorsc-power  (basis  10  square  feet),    .  One  hundred  and  forty. 

Kind  of  coal, Anthracite  Lackawanna,  Egg. 

Age, Several  years. 
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Dimensions. 

Diameter  of  main  shell, 90     in. 

Diameter  of  drum  and  water  leg, 31     in. 

Length  of  main  shell  and  tubes, 10     ft.        , 

Number  of  tubes  2  inches  outside  diameter,         .        .        .  248 

Area  of  water-heating  surface, 897     sq.  ft. 

Area  of  steam-heating  surface, 505     sq.  ft. 

Area  of  total  heating  surface,        .        .        .        .     '  .        .  1,402     sq.  ft. 

Area  of  grate  surface, 45     sq.  ft. 

Area  through  tubes, 4.1  sq.  ft. 

Height  of  chimney, 90     ft. 

Width  of  air  spaces  and  metal  bars  in  grates.  Air  5-8  in.,  metal  1-2  in. 

Distance  of  grate  to  tube  sheet, 2  ft.  8  in. 

Ratio  of  water-heating  surface  to  grate  surface,  .        .        .  19.9  to  1 

Ratio  of  steam-heating  surface  to  grate  surface, .        .        .  11.3  to  1 

Ratio  of  grate  surface  to  tube  area, 10.9  to  1 

Kind  of  brick  setting, Common. 

Results  of  Tests. 


Test  No.  96. 


Teat  No.  96. 


Manner  of  start  and  stop  and  kind  of  run. 

Duration, hrs. 

Coal  consumed  (including  wood  equiva- 
lent),       .......  lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,    .   lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  water- 
heating  surface, lbs. 

Horse-power  developed,     ...         H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .        .  deg. 

Temperature  of  escaping  gases,  .  deg. 

Draught  suction, in. 

Number  of  degrees  of  superheating,        .  deg. 

Water  per  pound  of  coal,  ....  lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees, lbs. 

Water  per  pound  of  combustible  from  and 
at  212  degrees, lbs. 


Ordinary. 
10.37 

5,602 

17 

35,482 

540.4 

12 

3,422.7 

3.8 
119.8 
79.5 
52 
520 
0.12 
65 
6.33 

7.61 

9.17 


Ordinary. 
10.12 

6,472 

17.1 

39,646 

637.7 

14.2 

8.915.7 

4.4 
137 

77.8 
49 

0.24 
89 
6.13 

7.37 

8.87 


Tests  No8.  95  and  96  show  the  performance  of  a  vertical 
tubular  boiler  under  two  rates  of  combustion,  both  of  which 
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are  comparstiTely  h^i  for  a  boiler  haying  the   proporti< 
which  obtain  here,  namely,  19.9  sqnare  feet  of  water-heatL 
snrfiice  per  sqnare  fixyt  of  gnUe  sorfiM^.     The  temperature  ^ 

tiie  eacapii^  gases  is  h^i,  a  condition  which  exists  in 
boilers   of   this  dass,   and    there   is  a  correspondingly  L< 
economic  resah.     The  decreased  economy  dae  to  the  higl 
rate  of  combustion  is  marked,  and  the  best  result,  whicb. 
9.17  pounds,  is  much  below  that  of  the  best  class  of  boil^ 
eren  though  an  extreme  aUowance  is  made  for  the  supe' 
effect  of  the  high  d^ree  of  superheating. 

It  is  interesting  to  note,  in  the  comparison  of  these  two  b^^^^fe 
with  each  other,  that  it  required  double  the  draught  sucti(>:ca  in 
order  to  increase  the  rate  of  combustion  from  12  pound  :s  to 
14.2  pounds. 


BonxB  No.  46. 

Kind  of  bofler, Horizontsl  r^urn  tabular. 

Number  oised, One. 

Horse-power  (basis  12  square  feet),     .  Ei^^-ei^t 

Kind  of  coal, Anthncite  VHiite  Ash,  BTX>1cen. 

Age, Six  months. 


Dimensions. 

Diameter  of  shell, 60 

Length  between  heads  and  length  of  tubes,         ...  16          '^ 

Number  of  tubes  3  inches  outside  diameter,        ...  80 

Area  of  heating  surface, 1,047            8<l-  ^ 

Area  of  grate  surface, 2S.*^      ^-  ^ 

Area  through  tubes, 3.^^     ^-  ^ 

Area  through  flue, 4             sq.  ft 

Height  of  chimney, 62             ^ 

Width  of  air  spaces  and  metal  bars  in  grates,     .    Air  6-8  in.,  met^»-^  ^  ^' 

Distance  of  grate  to  shell, 1^            "^- 

Distance  of  bridge  to  shell, 7            ^^ 

Ratio  of  heating  surface  to  grate  surface,    ....  44r.^   ^  ^ 

Ratio  of  grate  surface  to  tube  area, 7.X     to  I 

Kind  of  brick  setting, Coroa^on, 
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BesuUs  of  Test. 

Test  No.  97. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration, 10.5    hrs. 

Coal  consumed  (including  wood  equivalent),      .                .  2,492       lbs. 

Percentage  of  ash, 15.7    % 

Water  evaporated, 20,219       lbs. 

Coal  per  hour, 228.9    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  9.4    lbs. 

Water  per  hour, 1,925.6    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,    .  1.8    lbs. 

Horse-power  developed, 107.6    H.  P. 

Boiler  pressure, 60       lbs. 

Temperature  of  feed-water, 202       deg. 

Temperature  of  escaping  gases, 869       deg. 

Draught  suction, 0.11  in. 

Water  per  pound  of  coal, 8.60  lbs. 

Water: per  pound  of  coal  from  and  at  212  degrees,     .        .  8.94  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.61  lbs. 


The  results  of  test  No.  97  are  fairly  good,  but  they  do  not 
come  up  to  the  most  favorable  results  obtained  from  this  type 
of  boiler.  The  temperature  of  the  escaping  gases  is  low  for 
the  existing  rate  of  combustion.  This  is  a  favorable  condition, 
but  it  is  seen  that  the  percentage  of  ash  is  high,  which  is  an 
indication  of  inferior  quality  of  coal.  It  does  not  always  follow 
that  a  low  percentage  of  ash  indicates  a  high  value  of  the  com- 
bustible portion  of  the  coal,  but  the  fact  that  the  most  econom- 
ical results  based  on  combustible  are  generally  obtained  from 
coal  which  has  a  small  amount  of  ash,  is  a  strong  indication 
that  this  is  true  It  may  be  safely  concluded,  therefore,  that 
the  comparatively  low  result  obtained  on  this  test  is  due  to  a 
poor  grade  of  fuel. 

Boiler  No.  47. 

Kind  of  boilers, Vertical  tubular. 

Number  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft.),    .  Two  hundred  and  ten. 

Kind  of  coal, Clearfield,  Bituminous. 

Age, Four  years. 
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Dimensions. 

Diameter  of  shell  7  1-2  feet  high, 8     ft. 

Diameter  of  fire-box, 6.6  ft 

Number  of  tubes  in  first  section  (collective)  8  inches  out- 
side diameter, 280 

Number  of  tubes  in  second  section  (collective)  4  inches 

outside  diameter, 76 

Number  of  tubes  in  third  section  (collective)  4  1-2  inches 

outside  diameter, 76 

Length  of  tubes  in  first  and  second  sections,        ...  5     ft. 

Length  of  tubes  in  third  section, 7.5  ft          . 

Diameter  of  dome, 6     ft 

Height  of  dome, 7.5  ft 

Area  of  water-heating  surface, 2,273     sq.  ft. 

Area  of  steam-heating  surface, 263     sq .  ft 

Area  of  total  heating  surface, 2,536     sq .  ft 

Area  of  grate  surface, 64.8  sq—   _^.  ft 

Area  through  flue, 12     sq     j[.  ft 

Width  of  air  spaces  and  metal  bars  in  grates.  Air  1-2  in.,  metal  3-CIg  8  in* 

Ratio  of  water-heating  surface  to  grate  surface,  .        .        .  35.1  to  <^kd  1 

Ratio  of  steam-heating  surface  to  grate  surface, ...  4     Iiim     ■!  1 

Ratio  of  grate  surface  to  smallest  tube  area,        .                .  12.1  txmzz^d)  1 

ResvUs  of  Test. 

Test  No.  96. 

Manner  of  start  and  stop  and  kind  of  run,    ....  OrdinazsKL^Brj' 

Duration, 11^    '            hrs. 

Coal  consumed  dry  (including  wood  equivalent),        .        .  7,682                   lbs. 

Percentage  of  ash, 9.3                % 

Water  evaporated, 72,207                   Jbs. 

Coal  per  hour, 668                  Jhs. 

Coal  per  hour  per  square  foot  of  grate,        ....  10.8               lbs. 

Water  per  hour, 6,278.9               lbs. 

Water  per  hour  per  square  foot  of  water-heating  surface,  2.8              lbs. 

Horse-power  developed, 213.2             H,  p. 

Boiler  pressure, ^  76.5            Jbs. 

Temperature  of  feed- water, 66             deg. 

Temperature  of  escaping  gases, 423             deg. 

Water  per  pound  of  coal, 9.4        /Aa 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  ll.l  'G  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  12.2^1?  Jbs. 

Boiler  No.  47  is  a  fire-box  vertical  boiler  with  comparatively 
little  steam-heating  surface,  and  a  large  proportion  of  wa^r- 
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heating  sui*facc  compared  with  grate  surface.  The  arrange- 
ment of  tubes  is  quite  different  from  the  ordinary  practice,  the 
tubes  being  divided  into  three  sections,  arranged  in  concentric 
circles.  The  first  section  embraces  the  tubes  in  the  inside. 
Through  them  the  products  of  combustion  pass  in  an  upward 
direction.  The  second  section  embraces  those  in  the  next 
circle  outside  of  the  first  section,  and  the  products  of  combus- 
tion pass  through  these  tubes  in  a  downward  direction.  The 
third  section  embraces  the  outer  circle  of  tubes,  and  the 
products  of  combustion  finally  pass  upward  through  them  to 
the  flue,  after  first  encircling  the  steam  dome.  The  passage 
from  the  first  section  to  the  second  section  is  secured  by  means 
of  a  combustion  chamber  located  inside  the  boiler  below  the 
water  line,  at  the  upper  ends  of  the  tubes. 

The  proportion  of  water-heating  surface  to  grate  surface  in 
this  boiter  is  nearly  double  that  which  is  found  in  the  vertical 
boilers  which  have  heretofore  been  considered,  and  the  pro- 
portion of  steam-heating  surface  to  gr&te  surface  is  less  than 
half  of  that  found  in  those  cases.  The  results  of  the  test  are 
better,  in  a  marked  degree,  than  those  ordinarily  obtained 
from  vertical  boilers.  Indeed,  an  evaporation  of  12.29  pounds 
of  water  from  and  at  212  degrees  per  pound  of  combustible,  is 
a  performance  which  is  not  excelled  in  any  case  thus  far 
recorded  in  the  paper,  whether  a  vertical  or  a  horizontal  boiler, 
and  it  is  seldom  exceeded  by  any  boiler. 

There  are  three  things  which  seem  to  have  contributed  to 
this  superior  performance.  First,  the  boiler  is  internally  fired. 
Second,  although  of  the  vertical  tubular  type,  there  is  an 
ample  area  of  water-heating  surface,  and  its  distribution  is 
such  with  an  arrangement  of  tubes  which  necessitates  a  down- 
ward cuiTcnt  of  the  gases  through  a  part  of  their  passage,  that 
all  of  this  surface  is  probably  made  eflScient  Third,  the  rate 
of  combustion  is  reasonably  high,  and  the  temperature  of  the 
escaping  gases,  considering  the  fact  that  the  boiler  is  of  the 
fire-box  type,  is  low. 
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Boiler  No.  48. 

Kind  of  boiler, Water-tabe. 

Number  used, One. 

Ilorse-power  (basis  12  square  ieet),     .        Seventy. 

Kind  of  coal. ^Anthracite     Lehigh,    Chestnut 

i     No.  2. 
Age, Six  months. 


Dimensions, 

Number  of  tubes  4  inches  outside  diameter,        ...  42 

Length  of  tubes, 16     ft 

Area  of  heating  surface, 839     sq.  ft. 

Area  of  grate, 23     sq.  ft 

Area  through  flue, 5.3  sq.  ft 

Width  of  air  spaces  and  metal  bars  in  grates,      .  Air  5-16  in.,  metal  1-2  in. 

Height  of  chimney, 60     ft 

Ratio  of  heating  surface  to  grate  surface,    .        .        .        .  36.5  to  1. 

Ratio  of  grate  surface  to  flue  area, 4.3  to  1. 

Kind  of  brick  setting, Common. 


Results  of  Test, 

TMt  No. ». 

Manner  of  start  and  stop, Ordinary. 

Kind  of  run, Continuous. 

Duration, 8.3    hrs. 

Coal  consumed  dry  (including  wood  equivalent),        .        .  1,576       lbs. 

Percentage  of  ash, 14.7     % 

Water  evaporated, 11,292       lbs. 

Coal  per  hour, 189.2     lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  8.2    lbs. 

W^ater  per  hour, 1,:^5.5    lbs. 

Water  per  liour  per  square  foot  of  heating  surface,     .        .  1.6    lbs. 

Horse-power  developed, 47.2    H.  P. 

Boiler  pressure, 104       lbs. 

Temperature  of  feed- water, 68       deg. 

Temperature  of  escaping  gases, 360       deg. 

Draught  suction, 0.2    in. 

Water  per  pound  of  coal, 7.16  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  8.52  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.00  lbs. 
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The  result  of  the  test  on  boiler  No.  48  is  somewhat  unfavor- 
able, even  for  the  inferior  grade  of  anthracite  coal  which  was 
used.  Test  No.  66  made  with  similar  coal  on  a  horizontal  tu- 
bular boiler  gave  10.72  pounds,  and  test  No.  93, 10.78  pounds. 
In  the  case  under  notice,  the  boiler  has  plenty  of  heating  sur- 
face and  the  heat  was  well  absorbed,  as  the  comparatively  low 
temperature  of  the  flue  indicates.  The  rate  of  combustion  is 
somewhat  low  for  the  water-tube  type  of  boiler,  and  this, 
coupled  with  the  possibility  of  an  inferior  quality  of  the  fuel 
used,  furnishes  a  partial  and  perhaps  a  full  explanation  of  the 
low  result. 


Boilers  Nos.  49  and  50. 

Kind  of  boilers, Horizontal  return  tabular. 

Number  used,  each, Two. 

Horse-power    (collective),  each   (basis   12 

square  feet), Two  hundred  and  eighty. 

Kind  of  coal, Nova  Scotia  Culm. 

Age,  each, Three  months. 


Dimensions, 

Diameter  of  shell,  each, 72       in. 

Length  between  heads  and  length  of  tubes,         ...        16       ft. 
Number  of  tubes  3  inches  outside  diameter,  each,       .        .      140 
Number  of  tubes  3}  inches  outside  diameter,  each,     .        .      100 

Area  of  heating  surface,  each, 3,347       sq.  ft. 

Area  of  grate  surface,  each, 84       sq.  ft. 

Area  through  tubes,  each, 11.52  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,  each,    .        .       3-8       in. 

Distance  of  grate  to  shell,  each, 27       in. 

Distance  of  flat  bridge  to  shell,  each, 9       in. 

Character  of  space  behind  bridge  wall,        .        .        .    Filled,  inclined  top. 
Ratio  of  heating  surface  to  grate  surface,  each,  .        .        .        39.8    to  1 
Ratio  of  grate  surface  to  tube  area,  each,     .        .        .        .         7.3    to  1 
Kind  of  brick  setting,  boiler  No.  49, Common. 

/'  Passages  in  walls  supplying  air 
Kind  of  brick  setting,  boiler  No.  50,     .     ^     to  sides  of  furnace  and  bridge 

(     wall. 
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Itesidts  of  Tests,     (Average  of  two  days.) 


Test  No.  100. 
Boiler  No.  49. 


Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal    consumed    dry    (including    wood 

equivalent), lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,    .   lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 

surface, lbs. 

Horse-power  developed,     .        .  HP. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,       .  .  deg. 

Temperature  of  escaping  gases,  .  deg. 

Draught  suction, in. 

Water  per  pound  of  coal,  .        .        .        .lbs. 
Water  per  poimd  of  coal  from  and  at  212 

degrees, lbs. 

Water  per  pound  of  combustible  from  and 

at  212  degrees, lbs. 


Ordinary. 
10.5 

12,714 

9.4 

91,653 

1,210.9 

14.4 

8,728.9 

2.6 
298.8 
79 
57 
528 
0.85 
7.21 

8.65 

9.51 


Teet  Now  101. 
BoHer  No.  W. 


Ordinary. 
10.0 

12,472 

9.7 

90,894* 

1,187.8 

14.1 

8,656.6 

2.6 
296.3 
79 
57 
513 
0.35 
7.28 

8.74 

9.65 


Boilers  Nos  49  and  50  are  of  the  same  dimensions  and  set 
in  the  same  manner  in  brick-work,  excepting  in  one  particular. 
No.  50  has  passages  in  the  side  walls  which  conduct  air  to  per- 
forated tiles  in  the  sides  of  the  furnace  and  top  of  the  bridge 
wall.  The  total  area  of  opening  into  the  passages  at  the  point 
where  the  air  enters  from  the  outside  is  32  square  inches. 
The  fire-doors  in  each  boiler  are  provided  with  registers,  the 
openings  through  which  have  a  collective  area  of  22  square 
inches.  The  boilers  arc  located  at  the  same  distance  from  the 
chimney,  one  set  being  on  one  side  of  the  chimney  and  one  set 
on  the  other  side,  and  the  same  plan  is  followed  in  each  case 
in  the  arrangement  of  the  Hues. 

The  tests  had  for  an  object  the  determination  of  the  economy 
produced  by  admitting  air  above  the  fuel,  so  far  as  could  be 
determined    by  tests   made  on  two  diflcrent  sets  of  boilers. 


187 

The  tests  were  conducted  simultaneously  and  the  coal  was  used 
from  the  same  pile,  previously  mixed  to  insure  uniformity. 
The'  registers  in  the  fire-doors  w^re  open  in  both  sets  of 
boilers. 

The  results  of  the  tests  show  that  the  admission  of  air 
through  the  passages  in  the  walls  increased  the  evaporation 
per  pound  of  coal  1  per  cent.,  and  per  pound  of  combustible 
1^  per  cent.  This  occurred  with  Nova  Scotia  coal,  which  is  of 
an  extremely  gaseous  and  smoky  character. 

The  results  of  the  tests  as  a  whole  show  a  rather  low 
economy  when  compared,  for  example,  with  the  work  of  Cum- 
berland coal ;  but,  as  a  partial  explanation,  it  is  seen  that  the 
rate  of  combustion  is  large  and  the  temperature  of  the  escaping 
gases  is  somewhat  excessive. 
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Boilers  Nos.  51  and  52. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used,  each, One. 

Horse-power,  each  (basis  12  square  feet),    .  No.  51, 150 ;  No.  52, 130. 

Kind  of  coal, Nova  Scotia  Culm. 

Age, Three  months. 


Dimensions. 

Diameter  of  shell,  each, 72     in. 

Length  of  shell  between  heads  and  length  of  tubes,  each,         16     ft. 

BoUer  No.  51.        Boiler  No.  53. 

Number  of  tubes, 140  100 

Outside  diameter  of  tubes, 3    in.  3.5  in. 

Area  of  heating  surface, 1,799    sq.ft.  1,548    sq.ft. 

Area  of  grate  surface, 42    sq.ft.  42    sq.ft. 

Area  through  tubes, 5.8  sq.ft.  5.8 sq.ft. 

Ratio  of  heating  surface  to  grate  surface,    .        .  42.8  to  1  36.8  to  1 

Ratio  of  grate  surface  to  tube  area,      .                .  7.3  to  1  7.3  to  1 

Width  of  air  spaces  and  metal  bars  in  grates,  each,    .  3-8     in. 

Distance  of  grate  to  shell,  each, 27     in. 

Distance  of  flat  bridge  to  shell,  each, 9    in. 

Character  of  space  behind  bridge  wall,  each,              .    Filled,  inclined  top. 
Kind  of  brick  setting, Common. 
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Results  of  Tests. 


Test  No.  102. 
Boiler  No.  n. 


Teat  No.  108. 
BoUer  No.  63. 


Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal    consumed    dry     (including    wood 

equivalent), lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,    .   lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 

surface,    .......  lbs. 

Horse-power  developed,     ...         II.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,       .        .        .  deg. 
Temperature  of  escaping  gases,        .        .  deg. 

Draught  suction, in. 

Water  per  pound  of  coal,  .        .        .        .lbs. 
Wat<}r  per  pound  of  coal  from  and  at  212 

degrees,   .......   lbs. 

Water  per  pound  of  combustible  from  and 

at  212  degrees, Ib's. 


Ordinary. 
10.5 

6.562 

8.5 

41,660 

529.7 

12.6 

3,967.6 

2.2 
135.8 
81 
57 
489 
0.26 
7.49 

8.99 

9.79 


Ordinary. 

105 

5,518 

9.6 

39,537 

525.6 

12.5 

3,765.4 

2.4 
129 
81 
56 
480 
0.25 
7.17 

8  60 

9.49 


Tests  Nos.  102  and  103  exhibit  the  performance  of  two 
boilers,  which  are  duplicates  of  each  other,  with  the  exception 
of  the  number  and  size  of  the  tubes.  In  one  there  are  140  3- 
inch  tubes,  and  in  the  other  100  3J-inch  tubes.  The  practical 
object  of  the  tests  was  to  determine  the  effect  which  the  size  of 
the  tube  has  upon  the  economy.  This  olyect  cannot  fairly  bfl 
said  to  have  been  attained,  because  the  boiler  which  has  the 
small  tubes  has  such  a  lar^jc  number  of  them  that  the  heatin<x- 
surface  is  increased  a  considerable  amount  above  that  of  the 
other  boiler.  The  test  is,  therefore,  a  determination  of  the 
effect  of  increased  heating-surface,  as  well  as  of  reduced 
diameter  of  tul)e. 

The  effect  of  the  increased  heating  surface  in  boiler  No.  51 
is  just  what  would  be  expected  from  this  change  of  proportion, 
that  is,  a  greater  evaporation  per  pound  of  coal.  The  increase 
is  about  4  per  cent.,  based  on  coal,  and  about  3  per  cent.,  based 
on  combustible. 
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There  appears  to  be  some  inconsistency  in  the  results  of  the 
two  tests  when  the  temperatures  of  the  escaping  gases  are 
examined.  The  temperature  is  the  highest  in  the  case  of  the 
boiler  with  the  small  tubes,  and  with  the  larger  extent  of  heat- 
ing surface.  It  is  probable  that  these  figures  do  not  indicate 
the  true  temperatures.  The  two  boilers  were  side  by  side,  and 
a  flue  common  to  both  connected  from  the  smoke  arch  to  the 
chimney.  The  temperature  in  each  case  was  taken  in  the  main 
flue  at  a  point  near  the  entrance  of  either  boiler.  The  boilers 
were  tested  on  diflferent  days,  and  doubtless  the  thermometer 
gave  to  some  extent  an  average  temperature  of  the  gases  sup- 
plied by  both  boilers,  rather  than  the  actual  temperature  of 
those  from  the  boiler  w^hich  was  being  tested. 


Boiler  No.  53. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        .  Fifty-three. 

Kind  of  coal, Cumberland,  Bituminous. 

Age, Several  years. 

Dimensions, 

Diameter  of  shell, 48     in. 

Length  of  shell  between  heads  and  length  of  tubes,    .        .  15     ft. 
Number  of  tubes  3  inches  outside  diameter,         .        .        .  49 

Area  of  heating  surface, 640     sq.  ft. 

^ea  of  grate  surface, 13.5  sq.  ft. 

Area  through  tubes, 2     sq.  ft. 

Area  through  flue, 2     sq.  ft. 

Distance  of  grate  to  shell, 19     in. 

Distance  of  flat  bridge  to  shell, 6     in. 

Character  of  space  behind  bridge, Open. 

Ratio  of  heating  surface  to  grate  surface,  .        .        .  47     to  1 

Ratio  of  grate  to  tube  area, 6.6  to  1 

Kind  of  brick  setting  (see  note), Common. 

Results  of  Test, 

Tent  No.  104. 

Manner  of  start  and  stop, Thin  fire. 

Kind  of  run, Continuous. 

Duration, 7.6    hrs. 
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Test  Ho.  101. 

Coal  consumed  dry, 1^1       lbs. 

Percentage  of  ash, 6^     % 

Water  evaporated, 11,360       lbs. 

Coal  per  hour, 177.9    lbs. 

Coal  per  hour  per  square  foot  of  grate,                        .  13.2    lbs. 

Water  per  hour 1,483  7    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,     .  2.3    lbs. 

Horse-power  developed, 61.3    H.  P. 

Boiler  pressure, 75       lbs. 

Temperature  of  feed-water, 44       deg. 

Temperature  of  escaping  gases, 362       deg. 

Water  per  pound  of  coal, 8.34  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .  10.09  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.77  lbs. 

The  arrangement  of  the  furnace  in  boiler  No.  53  was  novel, 
and  in  this  feature  the  test  possesses  its  only  interest.  Several 
jets  of  superheated  steam  are  introduced  beneath  the  grate, 
and  a  supply  of  air  is  admitted  above  the  fuel,  the  latter  being 
forced  in  by  means  of  a  blower.  The  superheated  steam  is 
derived  from  the  boiler  and  receives  its  superheat  from  a  cast- 
iron  heater  placed  at  the  back  end  of  the  furnace.  The 
quantity  of  steam  used  by  the  apparatus  amounted  to  about 
8  per  cent,  of  the  whole,  and  this  is  included  in  the  evapo- 
ration given. 

This  peculiar  arrangement  secured  an  almost  smokeless 
furnace.  A  very  small  quantity  of  light  smoke  appeared  for  a 
short  time  after  firing  fresh  coal,  but  it  was  almost  colorless. 
This  freedom  from  smoke,  however,  did  not  secure  any  appar- 
ent benefit  in  the  matter  of  economy,  for  after  allowing  for  the 
steam  used  by  the  apparatus,  the  economic  result  is  some 
20  per  cent,  below  the  ordinary  results  obtained  in  good  prac- 
tice. 


Boiler  No.  64. 

Kind  of  boiler, Horizontal  plain  cylinder. 

Number  used, One. 

Horse-power  (basis  6  square  feet),        .  Seventy-seven. 

Ages Several  years. 
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Difnensions. 

Number  of  shells, 4 

Diameter  of  each  shell, 30     in. 

Length  of  each  shell, 30.6  ft. 

Area  of  heating  surface, 464     sq.  ft. 

Area  of  grate  surface, 42.7  sq.  ft. 

Area  through  flue, 6     sq.  ft. 

Height  of  chimney, 75     ft 

Width  of  air  spaces  and  metal  bars  in  grates,      .  Air  6-16  in.,  metal  3-8  in. 

Ratio  of  heating  surface  to  grate  surface,     ....  10.9  to  1 

Ratio  of  grate  surface  to  flue  area, 7.1  to  1 

Kind  of  brick  setting, Common. 


Results  of  Tests, 


Test  No.  106. 

Teit  No.  106. 

Kind  of  coal, 

• 

Coke. 

Anthracite,  Pea. 

Manner  of  start  and  stop,    . 

• 

Thin  fire. 

Thin  fire. 

Kind  of  run, 

• 

Factory. 

Factory. 

Duration, 

hrs. 

10.5 

11.6 

Coal  consumed  dry,      .... 

lbs. 

5,774 

4,770 

Percentage  of  ash,        .... 

% 

7.7 

13.2 

Water  evaporated,        .... 

lbs. 

80,140 

27,258 

Coal  per  hour, 

lbs. 

549.9 

414.8 

Coal  per  hour  per  square  foot  of  grate. 

lbs. 

12.8 

9.7 

Water  per  hour, 

lbs. 

2,870.5 

2,370.3 

Water  per  hour  per  square  foot  of 

heating  surface,        .... 

lbs. 

6.2 

5.1 

Horse-power  developed,               .         ] 

H.P. 

99.7 

82.4 

Boiler  pressure, 

lbs. 

82 

79 

Temperatiu'e  of  feed-water, 

deg. 

39 

38 

Temperature  of  escaping  gases, . 
Water  per  pound  of  coal,     . 

dog. 

Above  600 

Above  600 

lbs. 

5.22 

5.71 

Water  per  pound  of  coal  from  and  at 
212  degrees, 

lbs. 

6.37 

6.96 

Water  per  pound  of  combustible  from 

and  at  212  degrees,  .... 

lbs. 

6.87 

7.97 

Tests  Nos.  105  and  106  show  the  performance  of  plain 
cylinder  boilers  with  inferior  grades  of  coal.  The  coke  which 
is  used  is  the  product  left  from  the  manufacture  of  coal  gas. 
The  water  evaporated  per  pound  of  coke  is  8  per  cent,  less 
than  the  evaporation  per  pound  of  pea  coal.     This  relation  is 
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also  that  of  the  cost  of  fuel  in  the  two  cases,  the  price  per 
pound  being  the  same. 

Like  all  plain  cylinder  boilers,  boiler  No.  54  has  a  small 
amount  of  heating  surface.  As  a  consequence,  the  tempera- 
ture of  the  escaping  gases  is  excessive  and  the  economic  result 
is  low.  If  the  result  obtained  with  pea  coal  is  compared  with 
that  obtained  on  horizontal  return  tubular  boilers,  No.  26,  test 
No.  55,  which  was  9.98  pounds,  it  appears  that  the  evaporation 
per  pound  of  combustible  is  20.1  per  cent,  less  than  is  obtained 
in  the  case  of  the  improved  form  of  boiler.  Comparing,  also, 
test  No.  105,  made  on  this  boiler  with  coke,  with  test  No  108, 
made  on  a  horizontal  return  tubular  boiler  with  the  same  kind 
of  fuel,  it  appears  that  the  result  obtained  with  the  plain 
cylinder  boiler  is  32  per  cent,  less  per  pound  of  combustible 
than  that  obtained  with  the  tubular  boiler. 


Boiler  No.  55. 

Kind  of  boilers, Horizontal  return  tubular. 

Number  used, Three. 

Horse-power  (collective,  basis  12  sq.  ft.),     .        Three  hundred  and  twelve. 
Age, One  month. 

Dimensions, 

Diameter  of  shell, 66      in. 

Length  between  heads  and  length  of  tubes,         ...  15     ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,    .  306 

Area  of  heating  surfaces, 3,744     sq.  ft. 

Area  of  grate  surface, 90     sq.  ft. 

Area  thi'ough  tubes, 12.6  sq.  ft. 

Area  through  flue, 4.6  sq.  ft. 

Height  of  chimney, 75     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,     ...  1-2     in. 

Distance  of  grate  to  shell, 24     in. 

Distance  of  curved  bridge  to  shell, 12     in. 

Character  of  space  behind  bridge, Open. 

Ratio  of  heating  surface  to  grate  surface,    .        .        .        .  41.6  to  1 

Ratio  of  grate  surface  to  tube  area, 7.1  to  1 

Ratio  of  grate  surface  to  flue  area, 18.3  to  1 

Kind  of  brick  setting, Common. 
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RestUts  of  Tests, 


Test  No.  107. 


Test  No.  108. 


Kind  of  coal, < 

Manner  of  start  and  stop, 

Kind  of  run,        . 

Duration, hrs. 

Coal  consumed  dry, lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,    .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 

surface,    .......  lbs. 

Horse-power  developed,     .  .         H.P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,  .        .  deg. 

Temperature  of  escaping  gases,        .        .  deg. 

Draught  suction, in. 

Water  per  pound  of  coal,  ....  lbs. 
Wat^r  per  pound  of  coal  from  and  at  212 

degrees, lbs. 

Water  per  pound  of  combustible  from  and 

at  212  degrees, lbs. 


George's  Creek 
Cumberland. 

Thin  fire. 
Factory. 
11.7 
7,330 

6.6 
76,119 
626.5 
7 
6,820.4 

1.8 
204.1 
84 
211 
431 
0.81 
10.89 

11.33 

12.07 


Coke  from 
gas  coal. 

Thin  fire. 

Factory. 

11.7 

8,541 

4.9 

79,371 

730 

8.1 

6,783.8 

1.8 
202.9 
88 
211 
428 
0.26 
9.29 

9.66 

10.11 


Boiler  No.  55  has  one  characteristic  which  differs  from  the 
ordinary  type  of  boiler.  It  is  provided  with  a  small  flue  and 
correspondingly  small  uptakes  leading  from  the  various  boilers. 
As  a  consequence,  a  strong  draught  is  required  in  order  to 
secure  a  slow  rate  of  combustion  and  a  comparatively  low 
amount  of  power. 

The  tests  furnish  a  comparison  between  the  best  grade  of 
Cumberland  coal  and  coke.  The  water  evaporated  per  pound 
of  fuel  is  14.7  per  cent,  less  with  coke  than  with  the  standard 
grade  of  coal.  On  the  basis  of  the  prices  which  applied  to  this 
case,  the  coal  being  $3.25  per  ton  and  the  coke  $3.00  per  ton 
(2,000  pounds),  the  cost  of  coal  required  to  produce  a  given 
amount  of  steam  is  7.4  per  cent,  less  than  the  cost  of  coke. 

The  economic  result  of  the  test  with  Cumberland  coal  is 
excellent,  in  spite  of  the  somewhat  low  rate  of  combustion  and 
a  somewhat  high  temperature  of  the  escaping  gases. 
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Boiler  No.  56. 

Kind  of  boilers, Horizontal  return  tubular. 

Number  used, Two. 

Horse-power  (collectiye,  basis  12  sq.  ft.) ,        One  hundred  and  seventy-five. 

Kind  of  coal, George^s  Creek  Cumberland. 

Age, Ten  years. 

Dimensions, 

Diameter  of  shell, 54     in. 

Length  between  heads  and  length  of  tubes,          ...  15     ft 

Number  of  tubes  (collective)  3  inches  outside  diameter,     .  160 

Area  of  water-heating  surface, 1,980     sq.  ft 

Area  of  steam-heating  surface, 120     sq.  r 

Area  of  total  heating  surface, 2,100     sq. 

Area  of  grate  surface, 49.3  sq. 

Area  through  tubes, 6.6  sq. 

Area  through  flue, 6     sq. 

Width  of  air  spaces  and  metal  bars  in  grates.       Air  7-16  in.,  metal  5-16 

Distance  of  grate  to  shell, 19     in. 

Distance  of  flat  bridge  wall  to  shell, 5     in. 

Character  of  space  behind  bridge, Open. 

Ratio  of  water-heating  surface  to  grate  surface,  .        .  40     to  IT 

Ratio  of  grate  surface  to  tube  area, 7.5  to  ~ 

Kind  of  brick  setting, Conunon-* 

ResuUs  of  Test.     (Average  of  two.) 

Test  No.  1Q»^ 

Manner  of  start  and  stop  and  kind  of  run,   ....  Ordinaiys^y. 

Duration, 11^    h^T  hre. 

Coal  consumed  dry  (including  wood  equivalent),     •  .        .  6,288       WT    lbs. 

Percentage  of  ash, 6.5    '^       % 

Water  evaporated, 58,993      ~         lbs. 

Coal  per  hour, 646.8             lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  11.1             lbs. 

Water  per  hour, 5,134.2             Jhs. 

Water  per  hour  per  square  foot  of  water-heating  surface,  2.6            lbs. 

Horse-power  developed, 177.6           H.  P. 

Boiler  pressure, 65              lbs. 

Temperature  of  feed-water, 67             d^. 

Temperature  of  escaping  gases, 408             deg. 

Draught  suction,    ....        .^      ...        .  0.3^^  in. 

Percentage  of  moisture  in  steam, 2.2          % 

Water  per  pound  of  coal, 9.3^^  ibs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  11.2CI^  ^bs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  11.9^^  ib«. 


i 
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Test  No.  109  exhibits  the  performance  of  a  typical  horizontal 
return  tubular  boiler  using  a  high  grade  of  Cumb^land  coal. 
The  boiler  had  been  in  service  several  years,  but  the  inside  sur- 
faces were  free  from  scale  and  the  boiler  was  in  every  way  in 
good  condition.  The  rate  of  combustion  is  reasonably  high. 
The  temperature  of  the  gases  is  not  excessive  and  the  economic 
results  are  favorable. 

The  steam-heating  surface  in  this  boiler  consisted  of  the 
upper  surface  of  the  shell,  and  the  escaping  gases  passed  over 
it  on  their  way  to  the  flue.  It  is  probable  that  this  surface  was 
inefficient,  its  location  being  favorable  for  the  deposit  of  soot 
and  ashes  and  the  formation  of  a  non-conducting  covering. 


Boiler  No.  57. 

Kind  of  boilers, Water-tube. 

Number  used,        •        .        .        .        .  Two. 

Horse-power  (collective,  basis  12  sq.  ft.) ,  Two  hundred  and  sixty. 

Kind  of  coal, George's  Creek  Cumberland. 

Age, Two  years. 


Dimeiisians. 

Number  of  tubes  4  inches  outside  diameter,        .        .        .  144 

Length  of  tubes, 18     ft. 

Area  of  heating  surface, 3,126     sq.  ft. 

Area  of  grate  surface, 50     sq.  ft. 

Area  through  flue, 11     sq.  ft. 

Height  of  chimney, 80     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      Air  1-2  in.,  metal  11-16  in. 

Ratio  of  heating  surface  to  grate  surface,    ....  62.5  to  1 

Ratio  of  grate  surface  to  flue  area, 4.5  to  1 

Area  of  heating  surface  in  flue  heater,         ....  1,600     sq.  ft. 

Kind  of  brick  setting <  Passages  in  walls  supplying  air 

i     to  sides  of  furnace. 
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Results  of  Tests. 


Teit  No.  110. 


TMt  No.  m. 


Manner  of  start  and  stop  and  kind  of  ran, 

Duration, hrs. 

Coal    oonsomed    dry    (including    wood 

equivalent), lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,    .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 

surface, lbs. 

Horse-power  developed,     .  H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water  enteringheater,  deg. 
Temperature  of  feed- water  entering  boiler,  deg. 
Temperature  of  escaping  gases  leaving 

boiler, deg. 

Temperature  of  escaping  gases  leaving 

heater, deg. 

Draught  suction, in. 

Percentage  of  moisture  in  steam,  .  .  % 
Water  per  pound  of  coal,  ....  lbs. 
Wiiter  per  pound  of  coal  from  and  at  212 

degrees, lbs. 

Water  per  poimd  of  combustible  from  and 

at  212  degrees, lbs. 


Heater  in 

use. 
Ordinary. 
11.6 

8,743 

7.6 

84,078 

760.3 

16.2 

7,310.4 

2.3 
247 

68 

84 
196 

4^ 

279 
0.25 
1.3 
9.62 

10.10 

10.92 


Heater  not 

in  use. 
Ordinary. 
11.5 

9,694 
7.7 
82,725 
843 
16.8 
7,198.2 

2.3 
243.5 
67 

82 

452 


0.27 

8.53 

9.95 

10.79 


Note.  —  The  coal  when  fired  contained  5  per  cent,  of  moisture. 


The  principal  interest  which  attaches  to  the  tests  on  boiler 
No.  57  is  the  eflfect  upon  the  economy  of  the  boiler  produced 
by  the  use  of  a  heater  in  the  flue.  The  area  of  heating  surface 
exposed  by  the  heater  to  the  escaping  gases  is  about  one-half  of 
the  total  heating  surface  of  the  boilers.  This  surface  consisted 
of  vertical  cast-iron  pipes  over  which  a  series  of  scrapers,  oper- 
ated by  power,  are  continually  moving  up  and  down.  The 
heater  reduced  the  temperature  of  the  gases  from  435  to  279 
degrees,  or  156  degrees,  and  increased  the  temperature  of  the 
water  from  84  degrees   to  196  degrees,  or  112  degrees,  the 
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result  of  which  was  an  increase  in  the  evaporation  per  pound 
of  coal  of  12.8  per  cent. 

Looking  at  the  general  performance  of  the  boilers  it  appears 
that  the  economy  is  inferior  to  that  of  many  shell  boilers  con- 
sidered in  the  paper.  The  proportion  of  heating  surface  to 
grate  surface  is  ample,  so  also  is  the  rate  of  combustion.  The 
temperature  of  the  escaping  gases  is  not  excessive.  The  qual- 
ity of  the  coal,  judging  from  the  low  percentage  of  ash,  is  ex- 
cellent. With  all  these  conditions,  which  would  ordinarily  be 
considered  favorable,  it  is  difficult  to  assign  a  cause  for  the 
somewhat  unfavorable  result,  unless  it  be  the  loss  produced  by 
the  admiission  of  air  over  the  fuel  through  the  passages  in  the 
walls  and  that  which  may  have  entered  through  openings  in 
the  brick-work,  due  to  the  somewhat  long  service  to  which  the 
boiler  had  been  subjected.  The  admission  of  air  in  this  man- 
ner makes  the  actual  loss  from  the  waste  heat  in  the  gases 
greater  than  that  apparently  indicated  by  the  temperature. 

Boiler  No.  58. 

Rind  of  boilers, Vertical  tubular  (rolling-pin). 

Number  used, Two. 

Horse-power  (collective,  basis  10  sq.  ft.) ,  Two  hundred  and  eighty. 

Kind  of  ooal, Greorge^s  Creek  Cumberland. 

Age, Twelve  years. 

Dimensions. 

Diameter  of  main  shell, 90     in. 

Diameter  of  drum  and  water  leg, 30     in. 

Length  of  msdn  shell  and  tubes, 10     ft. 

Number  of  tubes  (collective)  2  inches  outside  diameter,     .  496 

Area  of  water-heating  surface, IfiSO     sq.  ft. 

Area  of  steam-heating  surface, 924     sq.  ft 

Area  of  grate  surface, 90     sq.  ft. 

Area  through  tubes, 8.2  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .    Air  1-2  in.,  metal  5-8  in. 

Height  of  chinmey, 80     ft. 

Ratio  of  water-heating  surface  to  grate  surface, .  20.9  to  1 

Ratio  of  steam-heating  surface  to  grate  surface, .        .        .  10.3  to  1 

Ratio  of  grate  surface  to  tube  area, 11     to  1 

Area  of  heating  surface  in  flue  heater, 1,600     sq.  ft 

Kind  of  brick  setting, Conunon. 
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Results  of  Tests. 


T«tt  Ko.  112. 


TtetKo.llS. 


Manner  of  start  and  stop  and  kind  of  run. 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiv- 
alent),       lbs. 

Percentage  of  ash % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  waters 
heating  surface, lbs. 

Horse-power  developed,     .        .  H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water  entering  heater,  deg. 

Temperature  of  feed-water  entering  boiler,  deg. 

Temperature  of  escaping  gases  leaving 
boiler,      .......  deg. 

Temperature  of  escaping  gases  leaving 
heater,      .......  deg. 

Number  of  degrees  of  superheating, .        .  deg. 
.  Draught  suction, in. 

Water  per  pound  of  coal,    ....  lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees,    .......  lbs. 

Water  per  pound  of  combustible  from  and 
at  212  degrees, lbs. 


Heater  in 

use. 
Ordinary. 
11.5 


Heater  not 

in  use. 
Ordinary. 
11.5 


7356 

10.282 

8 

8.4 

72,002 

72,959 

683.1 

894.1 

7.6 

9.9 

6,261 

6,344.8 

3.3 

3.4 

210.3 

213.6 

58 

59 

88 

— 

225 

85 

618 

645 

365 

_ 

50 

52 

0.09 

— 

9.16 

7.10 

9.21 

8.23 

10.00 

8.99 

Note.  —  The  coal  when  fired  contained  3  per  cent,  of  moisture. 


The  interest  in  the  tests  on  boiler  No.  58,  as  in  those  of  the 
preceding  boiler,  centres  in  the  effect  produced  by  the  flue 
heater.  They  are  of  especial  interest  since  the  boiler  is  of  the 
vertical  type  and  discharges  a  large  amount  of  waste  heat  into 
the  flue.  The  heater  consisted  of  vertical  cast-iron  pipes  with 
scrapers,  which  add  nearly  as  much  heating  surface  to  the  plant 
as  the  whole  area  of  water-heating  surface  in  the  boilers.  The 
temperature  of  the  escaping  gases  was  reduced  from  618  degrees 
to  365  degrees,  that  is,  253  degrees.  The  temperature  of  the 
feed-water  was  raised  from  88  degrees  to  225  degrees,  that  is, 
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137  degrees.     The  effect  of  the  heater  was  to  increase  the  evap- 
oration per  pound  of  coal  29  per  cent. 

Considering  the  results  of  test  No.  112,  as  applied  to  the 

plant  as  a  whole,  the  evaporation  per  pound  of  combustible 

from  and  at  212  degrees  is  11.54  pounds.     Allowing  now  for 

the  extreme  effect  which  would  be  produced  by  the  superheat 

in  the  steam,  this  result  would  be  increased  to  the  equivalent  of 

about  12  pounds,  a  result  which  corresponds  quite  closely  to 

the  highest  figures  obtained  from  horizontal  tubular  boilers,  as 

given  in  the  paper. 


Boiler  No.  59. 

^Kind  of  boilers, Hor.  ret.  tub.  (double-deck). 

^X^nmber  used, Four. 

^Morse-power  (collective,  basis  15  sq.  ft.) ,  Two  hundred  and  ninety. 

^XCind  of  coal, Cumberland. 

^ge, Six  years. 


Dimensions. 

Diameter  of  lower  shell, .  48     in.    . 

Diameter  of  upper  shell, 90     in. 

Length  of  shells  and  tubes, 14     ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,     .  320 

Area  of  water-heating  surface, 4,058     sq.  ft. 

Area  of  steam-heating  surface, 280     sq.  ft 

Area  of  grate  surface, 70     sq.  ft. 

Area  through  tubes, 13.2  sq.  ft. 

Area  through  flue, 9     sq.  f  t. 

Height  of  chinmey, 80     ft 

Width  of  air  spaces  and  metal  bars  in  grates,      .        Air  5-8  in.,  metal  1  in. 

Ratio  of  water-heating  surface  to  grate  surface,  .        .        .  58     to  1 

Ratio  of  steam-heating  surface  to  grate  surface, .                .  4     to  1 

Ratio  of  grate  surface  to  tube  area, 5.3  to  1 

Ratio  of  grate  surface  to  flue  area, 7.8  to  1 

Area  of  heating  surface  in  flue  heater, 1,920     sq.  ft. 

Kind  of  brick  setting, Conunon. 
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Results  of  Tests. 


T^stNo.U4. 


TMtKalU. 


Manner  of  start  and  stop  and  kind  of  ran, 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiv- 
alent),       lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  water- 
heating  surface, lbs. 

Ilorso-power  developed,  II.  P. 

I^ilor  pressure, lbs. 

Temperature  of  feed-water  entering  heater,  deg. 

Temi)erature  of  feed-water  entering  boiler,  deg. 

Temperature  of  escaping  gases  leaving 
boiler, deg. 

T(^mperature  of  escaping  gases  leaving 
h(jator, deg. 

Drau^it  suction, in. 

Water  per  pound  of  coal,    ....  lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees, lbs. 

Water  per  pound  of  combustible  from  and 
at  2 12  degrees, lbs. 


Heater  in 

use. 
Ordinary. 
12.5 

10,659 

7.6 

106,598 

852.7 

12.2 

8,527.8 

2.1 
289.9 

77 

79 
145 

361 

254 
0.17 
10.00 

11.05 

11.96 


Heater  not 

in  use. 
Ordinary. 

12.5 

10,946 
7 
102,261 
875.6 
12.5 
8,180.8 

2 

277.8 

75 

79 

342 


0.22 
9.34 

10.95 

11.78 


NoTK.  —  The  coal  when  fired  (contained  5  per  cent,  of  moisture. 


The  tests  on  holler  No.  59  show  the  economy  that  may  be 
seemed  hv  the  nse  of  a  flue  heater  in  a  ease  where  there  is 
ample  heatin<^  surface  in  the  boiler  and  a  low  degree  of  waste 
heat.  The  heater  consists  of  vertical  cast-iron  pipes  with 
scrapers,  havin<j  an  exterior  surface  amounting  to  50  per  cent, 
of  the  area  of  the  heating  surface  of  the  boiler.  The  tempera- 
ture of  the  gavses  is  reduced  from  361  degrees  to  254  degrees, 
or  107  degre(\s,  and  the  temperature  of  the  water  is  raised 
from  70  degrees  to  145  degrees,  or  66  degrees,  and  this  secures 
an  increased  evaporation  of  7  per  cent.  If  test  No.  114  is 
applied  to  the  operation  of  the  plant  as  a  whole,  the  evapora- 
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tion  per  pound  of  combustible  from  and  at  212  degrees  becomes 

12.68  pounds.     This  figure  is  higher,  with  a  single  exception, 

thaa  any  result  given  in  the  paper,  and  it  shows  what  may  be 

secured  by  the   employment   of  an   ample   area   of  surface, 

arranged  in  such  a  manner  to  properly  absorb  the  heat.     The 

result  is  obtained  upon  a  boiler,  which,  without  the  heater,  as 

the  test  shows,  is  inferior  in  point  of  economy  to  the  best  type 

of  horizontal  tubular  boiler. 


Boiler  No.  60. 

XCind  of  boilers, Horizontal  return  tubular. 

I^umber  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft.) ,        One  hundred  and  fifty-eight. 

/'Two  parts  Anthracite  Lehigh, 

Kind  of  coal, )     Buckwheat,  one  part  Clear- 

C     field,  Bituminous. 
Age,        .        ! Five  years. 


Dimensions. 

Diameter  of  shell, 60     in. 

Length  between  heads  and  length  of  tubes,         ...  15     ft 

Number  of  tubes  (collective)  3  inches  outside  diameter,    .        132 

Area  of  heating  surface, 1,894     sq.  ft 

Area  of  grate  surface, 60     sq.  ft 

Area  through  tubes, 5.4  sq.  ft. 

Height  of  chimney, 110     ft. 

Width  of  air  spaces  and  metal  bars  in  grates, .    .  Air  3-8  in.,  metal  7-16  in. 
Hatio  of  heating  surface  to  grate  surface,    .        .        .        .  37.9  to  1 

Eatio  of  grate  surface  to  tube  opening,        .        .  .  9.3  to  1 

Area  of  heating  surface  in  flue  heater,         ....      1,600     sq.  ft. 

/"  Passages  in  walls  admitting  air 
Kind  of  brick  setting,    .  .     <    -  to  sides  of  furnace  and  bridge 

C     wall. 
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Results  of  Tests, 


Test  No.  U8. 

• 

Test  Ho.  U7. 

Heater  in 

Heater  not 

use. 

Ordinary. 

12 

m  use. 
Ordinary. 
12 

5,901 

11.8 

51,955 

491.7 

9.8 

4,329.5 

6^4 
11.8 
62,303 
547 
10.9 
4,358.5 

2.3 
145 

77 

95 
175 

2.3 
146.3 
77 

93 

346 

399 

231 
8.80 

7.97 

9.42 

9.22 

10.70 

10.45 

Manner  of  start  and  stop  and  kind  of  run. 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiv- 
alent),     .......  lbs. 

Percentage  of  ash, % 

Water  eva|>orated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 
surface, lbs. 

Horse-power  developed,     .  11.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water  entering  heater,  deg. 

Temperature  of  feed-water  entering  boiler,  deg. 

Temperature  of  escaping  gases  leaving 
boiler,      .......  deg. 

Temperature  of  escaping  gases  leaving 
heater, deg. 

Water  per  pound  of  coal,    ....   lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees, lbs. 

Water  per  poimd  of  combustible  from  and 
at  212  degi'ces, lbs. 


Note.  —  The  coal  when  fired  contained  2  J  per  cent,  of  moisture. 


Boiler  No.  GO  differed  from  the  ordinary  boiler  in  being 
fitted  with  pipes  underneath  the  shell  through  which  the  water 
passed  on  its  way  to  the  boiler.  The  surface  exposed  by 
these  pipes  amounted  to  180  square  feet,  and  this  is  included 
in  the  quantity  given  in  the  table.  Besides  the  air  w^iich 
entered  through  the  side  walls,  a  considerable  amount  was  also 
admitted  through  the  fire-doors  which  are  especially  arranged 
for  this  purpose. 

The  tests  show  the  effect  produced  by  a  flue  heater  upon  the 
economy  in  the  ease  of  an  ordinary  tubular  boiler  in  w^hich  the 
temperature   of  the   escaping  gases   was   low  at  the   outset. 
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The  heater  consists  of  cast-iron  pipes  with  scrapers,  which 
presented  an  area  nearly  as  large  as  the  whole  area  of  heating 
surface  in  the  boilers.  A  reduction  of  145  degrees  occurred 
in  the  temperature  of  the  gases,  and  an  increase  of  80  degrees 
in  the  temperature  of  the  feed- water,  and  the  evaporation  per 
pound  of  coal  was  increased  by  the  heater  10.5  per  cent. 

The  economic  result  produced  without  the  heater  is  about 
the  same  as  that  obtained  in  ordinary  practice  with  this  grade 
of  mixed  fuel.  .-• 


Boiler  No.  61. 

Kind  of  boiler, Horizontal  return  tabular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        Sixty-five. 

Kind  of  coal  J  Bituminous  Walston  (similar  to 

}     Pittsburgh  coal) . 

Age, Four  years. 

Dimensions. 

Diameter  of  shell, 54     in. 

Length  bet^veen  heads  and  length  of  tubes,        ...  12     ft. 

Number  of  tubes  3  inches  outside  diameter,        .        .        .  71 

Area  of  heating  surface, 783     sq.  ft. 

Area  of  grate  surface, 24     sq.  ft 

Area  through  tubes, 2.9  sq.  ft. 

Area  through  fiue, 8.1  sq.  ft. 

Height  of  chimney, 60     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .    Air  5-16  in.,  metal  1}  in. 

Distance  of  grate  to  shell, 18     in. 

Distance  of  flat  bridge  to  shell, 7     in. 

Character  of  space  behind  bridge, Open. 

Ratio  of  heating  surface  to  grate  surface,    ....  32.2  to  1 

Ratio  of  grate  surface  to  tube  area, 8.3  to  1 

Kind  of  brick  setting, Common. 

Results  of  Test, 

Teft  No.  118. 

Manner  of  start  and  stop ^  Ordinary,  with  preliminary 

i     heating. 

Kind  of  run, ContinuoiLs. 

Duration, 8.6    hrs. 

Coal  consumed  dry  (including  wood  equivalent),        .        .     2,562       lbs. 
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T^atiro.118. 

Percentage  of  ash, 7^    % 

Water  evaporated, 20,395       lbs. 

Coal  per  hour, 296       lbs. 

Coal  per  hour  per  square  foot  of  grate,       ....  12.3    lbs. 

Water  per  hour, 2,357.7    lbs 

Water  per  hour  per  square  foot  of  heating  surface,    .  3       lbs. 

Horse-power  developed, 79.7    H.P. 

Boiler  pressure, 77       lbs. 

Temperature  of  feed-water, 86       deg. 

Temperature  of  escaping  gases, 572       deg. 

Water  per  pound  of  coal, 7.96  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,     .        .  9.27  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.00  lbs. 

The  test  on  boiler  No.  61  shows  the  performance  of  a  hori- 
zontal return  tubular  boiler  of  good  proportions,  when  burning 
Walston  coal,  which  is  of  similar  grade  to  that  known  as 
Pittsburgh  coal.  The  main  interest  in  the  test  lies  in  the  kind 
of  coal  used.  There  is  a  very  high  temperature  of  the  escap- 
ing gases,  which  is  an  indication  that  the  boiler  did  not  secure 
the  best  results  attainable  from  this  class  of  fuel.  Judging 
from  the  effect  upon  the  economy  produced  by  a  flue  heater, 
the  excessive  temperature  represents  a  loss  of  at  least  10  per 
cent.  An  evaporation  of  11  pounds  from  and  at  212  degrees 
per  pound  of  combustible  ought  to  be  obtained,  therefore,  from 
this  fuel,  under  favorable  conditions.  Such  a  result  is  about 
10  per  cent,  below  the  best  figures  given  in  the  paper  for 
boilers  working  with  Cumberland  coal. 


Boiler  No.  62. 

Kind  of  boilers,  •  #     •  Horizontal  return  tubular. 

Number  used, Three. 

Horse-power  (collective,  basis  12  sq.  ft.) ,  Two  hundred  and  seventy-five. 

Age, Six  years. 

Dimensiojis. 

Diameter  of  shell, 60     in. 

Length  between  heads  and  length  of  tubes,         ...  17     ft. 

Number  of  tubes  (collective)  3  inches  outside  diameter,     .        231 
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Area  of  heating  surface, 8,306     sq.  ft 

Area  of  grate  surface, 69.8  sq.  ft. 

Area  through  tubes, 9.5  sq.  ft. 

Area  through  flue, 10.1  sq.  ft. 

Height  of  chimney, 98     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .        .        .  d-8     in. 

Distance  of  grate  to  shell, 19     in. 

Distance  of  flat  bridge  wall  to  shell,    .  12     in. 
Character  of  space  behind  bridge  wall.                       Filled,  level  covering. 

Ratio  of  heating  surface  to  grate  surface,    .  47.4  to  1 

Ratio  of  grate  surface  to  tube  area, 7.3  to  1 

Kind  of  brick  setting, Common. 

Results  of  Tests. 


Test  Na  119. 


T«tt  Ko.  19D. 


Kind  of  coal, < 

Manner  of  start  and  stop  and  kind  of  run, 

Duration, hrs. 

Coal  consumed  dry  (including  wood  equiv- 
alent),       lbs. 

Percentage  of  ash, % 

Water  evaporated, lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  square  foot  of  grate,     .  lbs. 

Water  per  hour, lbs. 

Water  per  hour  per  square  foot  of  heating 
surface, lbs. 

Horse-power  developed,     .        .  H.  P. 

Boiler  pressure, lbs. 

Temperature  of  feed-water,       .        .        .  deg. 

Temperature  of  escaping  gases,         .        .  deg. 

Draught  suction, in. 

Percentage  of  moisture  in  steam,       .        .      % 

Water  per  pound  of  coal,   ....  lbs. 

Water  per  pound  of  coal  from  and  at  212 
degrees, lbs. 

Water  per  pound  of  combustible  from  and 
at  212  degrees, lbs. 


George*!     • 

Creek 

Cumberland. 

Ordinary. 
12 

5,639 

8.3 

60,263 

469.9 

6.7 

4,204.3 

1.3 
141.3 
88 
94 
340 
0.09 
0.86 
8.91 

10.34 

11.24 


PbiladelDhU 
and  Reaalng, 
Anthracite, 
Broken. 

Ordinary. 
11.7 

9,765 

10.7 

79,868 

832.5 

11.9 

6,811.6 

2.1 
228.7 
86 
96 
428 
0.17 
0.49 
8.18 

9.46 

10.60 


Note.  —  The  Cumberland  coal  when  fired  contained  3   per  cent  of 
moisture. 


The  tests  on  boiler  No.  62  cannot  be  used  for  a  fair  com- 
parison of  the  performance  of  the  two  fuels  which  were  burned, 
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because  of  the  large  difference  in  the  rates  of  combustion  in 
the  two  cases.  The  boiler  has  a  large  extent  of  heating 
surface.  The  test  with  Cumberland  coal  shows  a  favorable 
result  80  far  as  the  temperature  of  the  gases  is  concerned,  but 
a  somewhat  unfavorable  result  in  point  of  economy.  The  rate 
of  combustion  is  low,  and  this  doubtless  gave  rise  to  neglect  of 
the  fires.  In  the  case  of  the  test  with  anthracite  coal  the  rate 
of  combustion  is  too  high  for  the  best  results,  and  a  consider- 
able loss  was  experienced  by  the  somewhat  excessive  tempera- 
ture of  the  gases  which  existed. 


Boiler  No.  63. 

Kind  of  boiler, Hor.  tab.,  detached  furnace. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .  Two  hundred  and  seventy. 

Age, Two  months. 


Dimensions. 

Diameter  of  shell, 96     in. 

Length  between  heads  and  length  of  tubes,         ...  20     ft. 

Number  of  tubes  3  inches  outside  diameter,         .        .        .  206 

Area  of  heating  surface, 3,242     sq.  ft 

Area  of  grate  surface, 66     sq.  ft. 

Area  through  tubes, 8.5  sq.  ft 

Area  through  flue, 9.7  sq.  ft 

Height  of  chimney, 98     ft 

Width  of  air  spaces  and  metal  bars  in  grates,      .     Air  3-8  in.,  metal  1-2  in. 

Ratio  of  heating  surface  to  grate  surface,     .        .        .        .  57.9  to  1 

Ratio  of  grate  surface  to  tube  area, 6.7  to  1 

Kind  of  brick  setting, (See  memorandum.^ 
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Restdts  of  Tests. 


Teat  No.  121. 


Teat  No.  122. 


Teat  No.  123. 


Test  No.  124. 


:^ind  of  fuel, 


{ 


and  stop  and 
hrs. 


[anner  of  start 
kind  of  run, 
^Hhiration,     .... 
IS'ael  consumed  dry  (includ- 
ing wood  equivalent),     .  lbs. 
Percentage  of  ash,      .  % 

^Vater  evapoi*ated,  .  .  lbs. 
IFuel  per  hour,  .  .  .  lbs. 
3i'uel  per  hour  per  square 

foot  grate,  .        .lbs. 

IfVater  per  hour,  .        .        .  lbs. 
Water  per  hour  per  square 

foot  heating  surface,  .  lbs. 
Horse-power  developed,  H.P. 
Boiler  pressure,  .  .  .  lbs. 
Temperature  of  feed-water,  deg. 
Temperature   of   escaping 

gases,  ....  deg. 
Draught  suction,         .  in. 

Percentage  of  moisture  in 
steam,      .        .  •      % 

Water  per  pound  of  fuel,   .  lbs. 

Water  per  pound  of  fuel 
from  and  at  212  degrees,  lbs. 

Water  per  pound  of  com- 
bustible from  and  at  212 
degrees,   .        .        .        .lbs. 


Philadelphia 
and  Reading, 
Anthracite, 
Broken. 

Georxe'i 

Creek 

Cnmberland. 

Ordinary. 
12.4 

Ordinary. 
10.8 

8,242 
10.3 

7,300 
8.3 

72,629 
665.2 

69,284 
675.9 

11.9 

12.1 

5,861.6 

6,385.4 

1.8 

2 

196.1 

214.6 

63 

85 

94 

95 

321 

397 

0.25 

0.20 

— 

0.43 

8.81 

9.49 

10.16 

10.99 

11.33 

11.99 

4  pU.  Geo.'i 
Creek  rnm- 
berPd,  6  pts. 
Anthracite 
Screenings. 

Ordinary. 
10.9 

7,450 

8.7 
66,671 
683.5 

12.2 
6,102.2 

1.9 
204.8 
85 
96 

367 
0.31 

0.49 
8.93^ 


10.33 


11.30 


Crude 
Petroleum. 


4.6 


2,327 

28,751 
504.1 


6,228 

1.9 
209.2 
78 
93 

429 


Gross  12.36 
Net    11.80 

Net     13.66 


*  Afternoon  period  of  the  day's  run  starting  witli  bot  furnace  and  boiler. 

Note.  —  The  Cumberland  coal  when  fired  contained  3  per  cent,  of 
moisture  and  the  mixed  fuel  4  per  cent 


Boiler  No.  63  differs  from  the  ordinary  tubular  boiler  in 
being  provided  with  a  detached  brick  furnace  placed  at  the 
front  end  of  the  boiler.  The  position  of  the  furnace  with 
reference  to  the  boiler  is  precisely  that  of  the  fire-box  of  a 
locomotive  boiler.  After  the  products  of  combustion  have 
passed  forward  through   the  tubes,   they  return   beneath  the 
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ibell  and  enter  an  aDdergrocmd  fine  \emdms  to  tiie  chimner. 
Direct  nulktion  of  he^  firom  the  coaI  in  the  fbnuce  to  the 
tobe  dbeet  U»  {ureTented  bj  means  of  ai  brick  mrch  iriiich  over- 
hangs  the  grate. 

Thi.%  boiler  has  a  large  shelU  long  tabes^  and  a  large  extent 
of  heating  surface  compared  with  grate  surface. 

The  tes^  ahow  the  reladre  performance  of  different  kinds  of 
fnel,  and  especially  the  result  produced  bv  the  use  of  crude 
petroleum.  The  petroleum  is  the  '*  residuum  ~  of  the  oiU  or 
that  left  after  the  kerosenes  have  been  removed.  It  is  supplied 
to  the  burner  by  a  steam  pump,  and  discharged  from  the 
burner  by  means  of  a  steam  jet.  The  amount  of  steam  used 
by  pump  and  jet  was  4J  per  cent,  of  that  generated  !)y  the 
lx)iler.  The  net  evaporation  from  and  at  212  degrees  per 
pound  of  oil  is  13.66  pounds.  This  quantity  is  34  per  cent, 
more  than  the  evaporation  per  pound  of  anthracite  coal,  and  24 
per  cent,  more  than  the  evaporation  per  pound  of  Cumberland 
c^>al.  With  CumlKTiand  coal  at  $4.50  per  ton  (2,240  pounds), 
the  ])rice  of  oil  required  to  make  the  cost  of  fuel  for  producing: 
a  given  amount  of  steam  the  same  in  lx)th  cases  is  1.8  cents 
I>er  gallon. 

The  result  obtained  with  the  *'  residuum''  employed  here  is 
no  doubt  inferior  to  that  which  would  be  obtained  from  the 
crude  oil  itself.  This  oil  came  from  the  Pennsylvania  oil- 
fields. A  test  made  on  another  horizontal  tubular  Iwiler  of 
the  ordinary  type,  which  was  6  feet  in  diameter  and  14  feet 
long,  and  contained  71  4-inch  tubes,  having  39  square  feet  of 
heatin*^  surface  to  1  of  grate,  gave  a  net  evaporation  of  15 
[)ounds  of  water  from  and  at  212  degrees  per  pound  of  oil,  the 
oil  being  obtained  from  wells  in  Canada. 

Comparing  the  results  of  the  coal  test  with  each  other,  the 
evaporation  per  pound  of  Cumberland  coal  is  8.1  per  cent, 
greater  than  that  of  anthracite  coal ;  and  the  evaporation  per 
pound  of  the  mixture  is  1  per  cent,  greater.  Basing  the 
comj)arison  on  the  cost  of  fuel,  the  cost  of  coal  required  to 
[)ro(luce  a  given  amount  of  steam  is  8  per  cent,  less  w4ien 
Cumberland  coal  is  used,  and  28.5  per  cent,  less  when  mixed 
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fuel  is  used,  than  that  of  anthracite  coal.  The  prices  on  which 
these  figures  are  obtained,  per  ton  of  2,240  pounds,  are  $4.50 
each  for  anthracite  and  Cumberland,  and  $2.75  for  screenings. 


•    BoiLEB  No.  64. 

Kind  of  boiler, Horizontal  return  tabular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .       .  Ninety-five. 

Kind  of  coal, Bituminous,  Ohio  Lump. 

Age, Several  years. 

Dimenaions, 

Diameter  of  shell, 72     in. 

Leng^  between  heads  and  length  of  tubes,         ...  14     ft. 

Number  of  tubes  4  inches  outside  diameter,        ...  71 

Area  of  heating  surface, 1,144     sq.  ft. 

Area  of  grate  surface 29.2  sq.  ft. 

Area  through  tubes, 5.4  sq.  ft. 

Area  through  flue, 7     sq.  ft. 

Height  of  chimney, 60     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      ...  3-8     in. 

Distance  of  grate  to  shell, 24     in. 

Distance  of  curved  bridge  to  shell, 8     in. 

Character  of  space  behind  bridge,                .        .       Filled,  level  covering. 

Ratio  of  heating  surface  to  grate  surface,    ....  39.2  to  1 

Ratio  of  grate  surface  to  tube  area, 5.4  to  1 

Kind  of  brick  setting, Conunon. 

Results  of  Test. 

TMt  No.  1S8. 

Manner  Of  Start  and  Stop,      ....     $Ordin^»  with  preliminary 
^  r     heatmg. 

Kind  of  run, Continuous. 

Duration, 9.7    hrs. 

Coal  consumed  dry  (including  wood  equivalent),        .  3,111       lbs. 

Percentage  of  ash, 7.6    % 

Water  evaporated, 22,650       lbs. 

Coal  per  hour, 319.1    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  10.9    lbs. 

Water  per  hour, 2,323.1    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,    .  2       lbs. 

Horse-power  developed, 79.9    H.  P. 
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Boiler  pressure, 

Temperature  of  feed-water, 

Temperature  of  escaping  gases,  .... 

Water  per  pound  of  coal, 

Water  per  pound  of  coal  from  and  at  212  degrees, 


T0MBO.1S5. 

74^    lbs. 

64^    deg. 

501       deg. 

7.28  lbs. 

8.64  lbs. 


Water  per  pound  of  combustible  from  and  at  212  degrees,  9.35  lbs. 

The  interest  which  attaches  to  the  test  of  boiler  No.  64  lies 
in  the  use  of  Ohio  lump  coal.  Owing  to  the  high  temperature 
of  the  escaping  gases,  which  was  501  degrees,  it  is  evident  that 
the  full  economy  which  can  be  obtained  from  this  fuel  was 
not  realized.  Probably  an  evaporation  of  10  pounds  of  water 
from  and  at  212  degrees  per  pound  of  combustible  represents 
the  result  which  would  have  been  obtained  under  favorable 
conditions.  This  performance  is  16}  per  cent,  below  the  best 
figures  given  in  the  paper  for  boilers  working  with  Cumberland 
coal. 

It  is  to  be  noted  that  the  temperature  of  the  waste  gases  in 
this  case  and  that  obtained  in  the  case  of  boiler  No.  61,  using 
Pittsburgh  coal,  are  somewhat  excessive  when  the  proportion 
of  heating  surface  to  grate  surface  and  the  rate  of  combustion 
are  considered.  Both  of  these  coals  are  what  is  termed  *'  free 
burning,"  that  is  to  say,  they  do  not  have  so  great  a  tendency 
to  coke  as  that  possessed  by  bituminous  coals  which  are  used  in 
the  Eastern  States.  The  quality  of  free  burning  has  doubtless 
much  to  do  with  the  production  of  a  high  flue  temperature.  A 
characteristic  of  all  bituminous  coals  is  the  tendency  to  produce 
a  high  flue  temperature,  and  it  points  to  the  proportioning  of 
the  boiler  in  such  a  way  as  to  obtain  a  larger  area  of  heating 
surface  than  is  used  when  anthracite  coal  is  employed. 

Boiler  No.  65. 

Kind  of  boilers, Water-tube. 

Number  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft.) ,  Eighty-eight. 

Kind  of  coal, Anthracite  Lackawanna,  Egg. 

Age, One  year. 


211 


Dimensions. 

Number  of  tubes  3}  inches  outside  diameter,       ...  78 

I^ng^  of  tubes, 14     ft 

Area  of  heating  surface, 1,058     sq.  ft 

Area  of  grate  surface, 42JS  sq.  ft 

Area  through  flue, 4.9  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates.             Air  5-8  in.,  metal  1  in. 

Height  of  chimney, 70     ft. 

Ratio  of  heating  surface  to  grate  surface,    ....  24.7  to  1 

Ratio  of  grate  surface  to  flue  area, 8.7  to  1 

Kind  of  brick  setting, Common. 

Results  of  Test, 

TMt  No.  196. 

Manner  of  start  and  stop  and  kmd  of  run,  .     \  ^^^^^ry,  with  preliminary 

i     heating. 

Duration, 10.9    hrs. 

Coal  consumed  (including  wood  equivalent),      .                .  6,808       lbs. 

Percentage  of  ash, 11.4    % 

Water  evaporated, 54,014       lbs. 

Coal  per  hour, 621.8    lbs. 

Coal  per  hour  per  square  foot  of  grate,        .                        .  14.5    lbs. 

Water  per  hour, 4,933.1    lbs. 

Water  per  hour  per  square  feet  of  heating  surface,    .        .  4.7    lbs. 

Horse-power  developed, 164.9    H.  P. 

Boiler  pressure, 72.9    lbs. 

Temperature  of  feed-water, 97       deg. 

Temperature  of  escaping  gases, 513       deg. 

Draught  suction, 0.23  in. 

Percentage  of  moisture  in  steam, 1*6    % 

Water  per  pound  of  coal, 7.93  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  9.14  lbs. 

Water  per  pound  oficombustible  from  and  at  212  degrees,  10.31  lbs. 

Test  No.  126  exhibits  the  performance  of  a  water-tube  boiler 
which  was  deficient  in  heating  surface  and  which  was  worked 
to  a  high  capacity.  The  temperature  of  the  escaping  gases  is 
excessive,  but  not  more  so  than  would  be  expected,  considering 
the  high  rate  of  combustion  and  the  small  propoition  of  heating 
surface.  With  these  unfavorable  conditions  the  evaporation 
per  pound  of  combustible  from  and  at  212  degrees  is  10.31 
pounds,    which  is   some   7   per  cent,   below  the  results  ob- 
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tained  in  manj  of  the  best  cases  recorded  in  the  paper  for 
anthracite  coal.  A  reduction  of  grate  surface  here  of  say  one- 
third,  still  preserving  the  same  rate  of  combustion,  namely, 
14.5  pounds  of  coal  per  square  feet  of  grate  per  hour,  would 
doubtless  have  brought  the  result  up  to  the  standard  of  good 
economy. 


Boiler  No.  66. 

Kind  of  boiler, Horizontal  reCnm  tabular. 

Number  tued, One. 

Horse-power  (basis  12  square  feet),     .  Thirty. 

Kind  of  coal, Anthracite  Wilkesbarre,  Broken. 

Age, One  year. 


Dimensions. 

Diameter  of  shell, 

Length  between  heads  and  length  of  tubes. 

Number  of  tubes  2  in.  outside  diameter  below  water-line. 

Number  of  tubes  2  in.  outside  diameter  above  water-line. 

Area  of  water-heating  surface, 

Area  of  steam-heating  surface. 

Area  of  grate  surface,  . 

Tube  area  below  water-line, 

Flue  area, 

Height  of  chinmey, 

Width  of  air  spaces  and  metal  bars  in  grates, 

Ratio  of  water-heating  surface  to  grate  surface. 

Ratio  of  steam-heating  surface  to  grate  surface. 

Ratio  of  grate  surface  to  tube  area  below  water-line. 

Kind  of  brick  setting, Common,  with 
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m. 

10 

ft 

67 

68 

369.3 

sq.  ft 

318.8 

sq.  ft. 

9.2 

sq.  ft 

1.1 

sq.  ft 

2.2 

sq.  ft. 

30 

ft. 

5-8 

in. 

40.3  to  1 

33.6  to  1 

8.2  tol 

fan  drauglit 

Results  of  Test. 

Teat  No.  127. 

Manner  of  start  and  stop,      ....     5  Ordin«^,  with  preliminaiy 

i     heatmg. 

Kind  of  run, ' Continuous. 

Duration, 8       hrs. 

Coal  consumed  (including  wood  equivalent),       .        .        .    1,453       lbs. 

Percentage  of  ash, 9.5    % 

Water  evaporated, 10,341       lbs. 

Coal  per  hour, 181.5    lbs. 

Coal  per  hour  per  square  foot  of  grate,       ....        20       lbs. 


213 

Test  No.  197. 

Water  per  hour, 1,291.8    lbs. 

Water  per  hour  per  square  foot  of  water-heating  surface,  .  3.5    lbs. 

Horse-power  developed, 45.5    H.  P. 

Boiler  pressure, 66       lbs. 

Temperature  of  feed-water, 36       deg. 

Temperature  of  escaping  gases  entering  upper  tubes,        .  558       deg. 

Temperature  of  escaping  gases  leaving  upper  tubes, .        .  394       deg. 

Number  of  degrees  of  superheating, 30       deg. 

Water  per  pound  of  coal, 7.12  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  8.64  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  9.55  lbs. 


Boiler  No.  66  is  a  novelty  for  this  type  of  boiler,  inasmuch 
as  it  is  provided  with  a  large  extent  of  steam-heating  surface, 
obtained  by  filling  the  space  above  the  water-line  with  tubes. 
The  products  of  combustion,  after  passing  through  the  lower 
tubes  in  the  usual  manner,  return  through  the  superheating 
tubes  and  enter  the  chimney  at  the  rear  end.     The  steam  on 
leaving  the  boiler  enters  a  vertical  drum  30  inches  diameter, 
8  feet  high.     The  temperature  of  the  steam  was  obtained  at  the 
point  of  leaving  the  drum.     The  interest  in  this  test  lies  in  the 
effect  produced  by   the  steam-heating   surface.     The  temper- 
ature of  the  gases  in  passing  over  this  surface  was  reduced  164 
degrees,  and  this  served  to  dry  the  moisture  in  the  steam  and 
to  superheat  it  30  degrees  at  the  point  where  the  temperature 
ivas  taken,  and  probably  50  degrees  at  the  point  of  leaving  the 
"boiler. 

The  general  results  of  the  test  do  not  appear  to  be  very  good, 
but  probably  as  good  as  other  boilers  of  small  size  produce 
which  furnish  superheated  steam. 


Boiler  No.  67. 

Kind  of  boiler, Water-tube. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        .        Eighty. 

Kind  of  coal \  Anthracite  Lackawanna 

i     Chestnut  No.  2. 
Age,        •.•••...        Six  months. 
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Z>ii 

"r I f  mliiii  I  iiMliia  imliiilii  iniHM<iii          ...  48 

Length  of  tubes, 15     ft 

of  water-heatmg  sorfaee, 848     sq.  ft 

of  steam  hemting  sarhce^ 114     sq.  ft 

of  totel  hcfldng  smiMse, 963     sq.  ft 

of  gmesorfaee, 37     sq.  ft 

Area  tliroiigfa  fine ^7  sq.  ft 

Heigiit  of  cfamineT.       ........  70     ft 

Width  of  air  spaces  and  metal  bars  in  grates.  Air  3-8  in^  metal  1-3  in. 

Ratio  of  water-heating  surfmoe  to  grate  sarfaoe,  31.4  to  1 

Ratio  of  steam-heating  sariace  to  grmie  surface,  4^  tt>  1 

Ratio  of  grate  surface  to  fine  area, 7.4  to  1 

Kind  of  brick  setting, Coomion. 

Rendu  of  TM. 

Manner  of  start  and  stop  and  kind  of  nuL,  ....  Or^nary. 

Duration, 10.1    his. 

Coal  consomed  (inciading  \3\  pounds  leather  scrips,  91 

pounds  coal), 2,973       lbs. 

Percentage  of  ash, 16.4    % 

Water  evaporated, 23«396       lbs. 

Coal  i>er  hour, 294       lbs. 

C^oal  \yer  hour  per  square  foot  of  grate,        ....  10.9    lbs. 

Water  per  hour 2,314.1    lbs. 

Water  per  hour  per  square  foot  of  water-heating  sur^u^e, .  2.7    lbs. 

Horse-power  developed 73.9    H.P. 

Boiler  pressure, 84       lbs. 

Temj>erature  of  feed- water, 150       deg. 

Temperature  of  escapiug  gases, 428       deg. 

Draught  suction, 0.12  in. 

Water  per  pound  of  coal, 7.87  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,     .        .  8.66  lbs. 

Water  per  pound  of  (M>mbustible  from  and  at  212  degrees,  10  J6  lbs. 

X<^)TE.  —  When  the  water  was  carried  below  the  ordinary  level,  the 
.Mt^'ftm  wa«  superljeated  a  few  degrees.  Ordinarily  the  thermometer  Mled 
to  ^how  any  superheat. 

The  U)^t  on  boiler  No.  fi7  shows  a  favorable  result,  consider- 
ing the  kind  of  coal  employed  and  the  somewhat  high  tem- 
perature of  the  escaping  gases.     Comparing  this  test  with  the 
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one  on  water-tube  boiler  No.  48,  made  with  similar  coal,  the 
difference  in  the  temperature  of  the  escaping  gasps  is  notice- 
able. That  test  showed  555  degrees  and  gave  a  lower  evapo- 
ration. 


Boiler  No.  68. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .       Twenty-seven. 

Kind  of  coal  5  Bituminous  Walston  (similar  to 

' I     Pittsburgh). 

Age, Several  years. 

Dimensions. 

Diameter  of  shell, 42     in. 

Length  between  heads  and  length  of  tubes,         ...  10     ft. 

Number  of  tubes  3  inches  outside  diameter,        ...  36 

Area  of  heating  surface, 322     sq.  ft 

Area  of  grate  surface, 14.4  sq.  ft. 

Area  through  tubes, 1.5  sq.  ft 

Area  through  flue, 2.2  sq.  ft 

Height  of  chimney, 56     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,     Air  5-16  in.,  metal  11-16  in. 

Distance  of  grate  to  shell, 21     in. 

Distance  of  flat  bridge  to  shell, 8     in. 

Character  of  space  behind  bridge,         .        .        .       Filled,  level  covering. 

Ratio  of  heating  surface  to  grate  surface,    ....  22.3  to  1 

Ratio  of  grate  surfa^  to  tube  area, 9.8  to  1 

Kind  pf  brick  setting, Conunon. 


ResvUs  of  Test. 

Test  No.  1». 

Manner  of  start  and  stop ^  Ordinary,  with  preliminary 

i     heating. 

Kind  of  run, Continuous. 

Duration, 8.3    hrs. 

Coal  consumed  dry  (including  wood  equivalent),                .  1,134       lbs. 

Percentage  of  ash, 7.6    % 

Water  evaporated, 9,519       lbs. 

Coal  per  hour, 137.4    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  9.52  lbs. 

Water  per  hour, 1,153.3    lbs. 
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Water  per  hour  per  square  foot  of  heating  surface,    .  3.6    lbs. 

Horse-power  developed, 34.9    H.  P. 

Boiler  pressure, 82.2    lbs. 

Temperature  of  feed-water, 205.3    deg. 

Temperatare  of  escaping  gases, 445       deg. 

Percentage  of  moisture  in  steam, 0.2    % 

Water  per  pound  of  coal, 8.39  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  8.76  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  9.48  lbs. 

The  test  on  boiler  No.  68  is  interesting  on  account  of  the 
grade  of  coal  employed,  this  being  bituminoas  coal  from  mines 
in  the  region  of  Pittsburgh,  Pa.  The  boiler  is  not  one  from 
which  to  expect  an  economical  result,  since  it  is  small  in  size 
and  deficient  in  beating  surfiEu^e.  The  rate  of  combustion  is 
somewhat  low,  but  in  spite  of  this  the  temperature  of  the 
escaping  gases  is  excessive,  as  would  be  expected.  The  result 
of  this  test  is  similar  to  that  obtained  on  boiler  No.  61,  using 
a  similar  kind  of  fuel,  though  less  favorable,  for  the  reasons 
named. 


Boiler  No.  69. 

Kind  of  boiler, Plain  cylinder. 

Number  used, One. 

Horse-power  (basis  10  square  feet),     ....  Thirty-nine. 

Age, Several  years. 


Dimensions. 

Diameter  of  shells,  three  in  number, 30  in. 

Length  of  shells, 30  ft. 

Area  of  heating  surface, 394  sq.  ft 

Area  of  grate  surface, 36.1  sq.  ft. 

Area  through  flue, 5.4  sq.  ft 

Height  of  chimney, 120  ft 

Width  of  air  spaces  and  metal  bars  in  grates,              .        .  1-2  in. 

Distance  of  grate  to  shell, 17  in. 

Distance  of  flat  bridge  to  shell, 4  in. 

Ratio  of  heating  surface  to  grate  surface,    ....  10.9  to  1 

Ratio  of  grate  surface  to  flue  area,       .        .        .        •        .  6.6  to  1 

Kind  of  brick  setting, Ck>mmon. 
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BenUts  of  Tests, 


Teat  No.  IJK). 


TMt  No.  181. 


TMt  No.  189. 


Kind  of  coal, < 

CoDditdon  of  fife  at  start  and  stop, .        < 

Kind  of  run, 

Duration, hrs. 

Coal  consumed  dry  (including  wood 
equivalent), lbs. 

Percentage  of  ash,  .    -    .  •      % 

Water  evaporated,  ....  lbs. 

Coal  per  hour, lbs. 

Coal  per  hour  per  sq.  ft.  of  grate,  .  lbs. 

Water  per  hour,       ....  lbs. 

Water  per  hour  per  square  foot  of 

heating  surface,   ....  lbs. 
Horse-power  developed, .  H.  P. 

Hoiler  pressure,  .  ^     .  lbs. 

Temperature  of  feed-water,  .  .  deg. 
Temperature  of  escaping  gases,  .  deg. 
X>raught  suction,  .in. 

^Water  per  pound  of  coal,  .  lbs. 

^Water  per  pound  of  coal  from  and 

at  212  degrees,     ....  lbs. 
^Water  per  pound  of  combustible 
from  and  at  212  degrees,     .        .  lbs. 


BUnmiiioai 
Cumberland. 

Thin  fire. 


Bltnminons 
Cnmberland. 

Banked  fire. 


Ordinary. 

*/.d 

2,679 
10 
17,270 
271.4 
7.6 
1317.9 

4.6 

61.9  ' 

81  i 

■  78  I 

Melts  zinc' 

0.18  I 

6.70  ! 

7.86 

8.74 


Ordinary. 
12.2 

3,338 

10.3 

22,119 

272.6 

7.6 

1,806.6 

4.6 
60.8 
80 
90 

0.17 
6.63 

7.70 

8.69 


Anthracite, 
Chestnut 
No.  2. 
Ordinary, 
with  prelimi- 
nary heating. 

Continuous. 
6.2 

2,014 
19.3 

9,643 
383.6 
10.6 

1,836.6 

4.7 

62 
83 
90 

0.16 
4.94 

6.76 

7.03 


Boiler  No.  69  is  of  the  ordinary  type  of  plain  cylinder 
boiler,  the  peculiarity  of  which  is  the  small  area  of  heating 
surfiEtce  which  it  contains.  The  tests  on  this  boiler  show  a 
very  low  grade  of  economy.  Test  No.  132  may  be  compared 
to  test  No.  89,  made  on  a  similar  boiler  with  similar  coal. 
This  test  gave  a  much  poorer  result  than  test  No.  89,  which  is 
evidently  due  to  the  higher  rate  of  combustion  and  the  in- 
creased quantity  of  waste  heat  in  the  escaping  gases,  which 
occurred  in  this  case.  The  principal  interest  in  these  tests  is 
the  comparative  results  obtained  on  the  tests  with  Cumberland 
coal,  during  one  of  which  the  fire  was  banked  for  some  ten 
hours.  The  loss  produced  by  banking  appears  from  these 
results  to  be  quite  small,  the  percentage  of  difierence  being 
only  2  per  cent. 
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Between  test  No.  130  and  test  No.  132  there  is  %  difference 
of  afiout  20  per  cent,  in  the  eTaporation  per  pound  of  coal, 
that  i.s,  between  the  results  obtained  with  Cumberland  and 
anthracite  chestnut  No.  2. 

Boiler  No.  70. 

Kind  of  boilers, GaUoway. 

Number  used, Six. 

Horsenpower  (collectiTe, makers- rating).   \  ^f  ^^^^^^^^  ^^  hundred  and 

c     forty. 

Kind  of  coal, George's  Creek  Cumberland. 

Age, Three  months. 

Dimensions, 

Diameter  of  each  shell, 84     in. 

Length  of  shell, 28     ft 

Area  of  heating  surface, 5^28     sq.  ft. 

Area  of  grate  surface, 217.6  sq.  ft 

Area  through  flue, 60     sq.  ft 

Width  of  air  spaces  and  metal  bars  in  grates,  Air  1  in.,  metal  3-8  in. 

Height  of  chimney, 230     ft 

Ratio  of  heating  surface  to  grate  surface,     ....  25.9  to  I 

Ilatio  of  grate  surface  to  flue  area, 3.6  to  1 

Results  of  Test, 

Test  No.  133. 

Manner  of  f*tart  and  stop, Running  with  thin  fire. 

Kind  of  run, Continuous. 

Duration, 12.7    hrs. 

Coal  consumed  dry, 47,638       lbs. 

IN^nMintigc  of  aHh, 4.1    % 

WaUir  evajiorated, 370,448       lbs. 

Coal  por  hour, 3,756.9    lbs. 

Coal  per  hour  per  square  foot  of  grate,        .        .        .        .  17.3    lbs. 

Water  per  hour, 29,210.3    lbs. 

Wat^jr  j)cr  hour  per  square  foot  of  heating  surface,     .        .  5.2    lbs. 

I  lorse-powcr  developed, 1,024.3    H.P 

lioiler  prcissurc, 51.2    lbs. 

T(»niperaturn  of  f(;c(l-water, 36.7    deg. 

Temperature  of  escaping  gases, 533       deg. 

Draught  suction, 0.64  in. 

Percentage  of  moisture  in  steam, 7       % 

Wat(;r  per  j)0und  of  coal, 7.78  lbs. 

Water  i)er  pound  of  coal  from  and  at  212  degrees,      .        .  9.40  lbs 

Water  per  pound  of  combustible  from  and  at  212  degrees,  9.80  lbs. 
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Boiler  No.  70  is  an  internally  fired  boiler,  having  two 
:iiimaces  in  each  shell.  The  heating  surface  consists  largely  of 
vertical  tubes  of  a  conical  shape,  which  extend  from  top  to 
TK)ttom  of  a  large  flue  which  passes  from  the  furnaces  to  the 
^nd  of  the  boiler.  The  products  of  combustion  pass  forward 
'through  this  flue  and  backward  beneath  the  shell,  entering  the 
chimney  flue  at  the  front  end. 

The  test  on  this  boiler  shows  the  efiect  upon  the  economy 
produced  by  a  high  rate  of  combustion  and  a  small  extent  of 
heating  surface.  The  temperature  of  the  escaping  gases  is 
excessive,  and  the  evaporation  per  pound  of  coal  is  much 
below  that  obtained  where  these  unfavorable  conditions  do  not 
exist. 

A  test  of  one  of  these  boilers,  made  under  exceptional  con- 
ditions, a  special  fireman  being  employed  for  the  purpose, 
gave  an  evaporation  of  11.06  pounds  of  water  from  and  at  212 
degrees  per  pound  of  combustible,  the  steam  being  dry.  The 
rate  of  combustion  was  22.4  pounds  of  coal  per  square  foot  of 
grate  per  hour,  and  the  temperature  of  the  escaping  gases  575 
degrees. 


BoiLEB  No.  71. 

Kind  of  boiler, Water-tube. 

Number  used, One. 

Horse-power  (basis  12  square  feet),     .        .  One  hundred  and  thirty-six. 

Kind  of  coal, Bituminous,  Cambria. 

Age, Eight  years. 


Dimensions, 

Number  of  tubes  4  inches  outside  diameter,        ...  80 

Length  of  tubes, 18     ft. 

Area  of  heating  surface, 1,638     sq.  ft. 

Area  of  grate  surface, 36     sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      ...  3-4     in. 

Ratio  of  heating  surface  to  grate  surface,    .  45.5  to  1 

Kind  of  brick  setting, Common. 
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Results  of  Test. 

Tert  Now  U4. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration, 10.6    hrs. 

Ck>al  consumed  dry  (including  wood  equivalent),                .  6,185       lbs. 

Percentage  of  ash, 10.5    % 

Water  evaporated, 52,206       lbs. 

Coal  per  hour, 608.9    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  16.89  lbs. 

Water  per  hour, 4,946       lbs. 

Water  per  hour  per  square  foot  of  heating  surface,    .  3       lbs. 

Horse-power  developed, 166.3    H.  P. 

Boiler  pressure, 62.4    lbs. 

Temperature  of  feed-water, 88.3    deg. 

Temperature  of  escaping  gases, 471       deg. 

Draught  suction, 0.2    in. 

Percentage  of  moisture  in  steam, 0.42  % 

Water  per  pound  of  coal, 8.44  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,              .  9.78  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.93  lbs. 

Note.  —  The  coal  when  fired  contained  3.7  per  cent,  of  moisture. 

The  test  on  boiler  No.  71  is  of  general  interest,  showing  the 
performance  of  a  water-tube  boiler.  In  this  case  the  cleaning 
of  the  outside  of  the  tubes  had  been  neglected,  in  the  course 
of  the  ordinary  work  of  the  boiler,  though  they  were  blown  off 
with  a  steam  jet  preparatory  to  the  test.  The  heating  surface, 
although  of  ample  area,  was  doubtless  for  this  reason  some- 
what inefficient,  and  this  was  evidently  the  cause  of  the  some- 
what large  amount  of  waste  heat  in  the  escaping  gases,  and  for 
the  comparatively  low  economic  result. 

Judging  by  the  high  percentage  of  ash,  the  coal  was  inferior 
in  quality  to  the  best  grade  of  bituminous  coal. 


Boiler  No.  72. 

Kind  of  boilers, Cast-iron  sectional. 

Number  used, Two. 

Horse-power  (collective,  basis  12  square  feet).  One  hundred  and  forty. 

Kind  of  coal, Bituminous,  Cambria. 

Age, Fifteen  years. 
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Dimermons. 

Area  of  water-heating  surface, 1,687     sq.  ft. 

Area  of  steam-heating  surface,     .    ' 562     sq.  ft 

Area  of  grate  surface, 69.7  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,     ...  1-2     in. 

Ratio  of  water-heating  surface  to  grate  surface, .        .  24.2  to  1 

Katio  of  steam-heating  surface  to  grate  surface,  8     to  1 

Kind  of  brick  setting, Common. 


ResuUs  of  Test. 

Tatt  No.  186. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration,        ..........  10.4    hrs. 

Coal  consumed  dry  (including  wood  equivalent),  6,580       lbs. 

Percentage  of  ash, 12.4    % 

Water  evaporated, 48,059       lbs. 

Coal  per  hour, 660.2    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  9.47  lbs. 

Water  per  hour, 4,641.9    lbs. 

Wat«r  per  hour  per  square  foot  of  water-heating  surface, .  2.8    lbs. 

Horse-power  developed, 155.2    H.  P. 

Boiler  pressure, 54.7    lbs. 

Temperature  of  feed-water, 92.6    deg. 

Temperature  of  escaping  gases, 462       deg. 

l^umber  of  degrees  of  superheating, 29       deg. 

Draught  suction, 0.09  in. 

Water  per  pound  of  coal, 7.30  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,     .        .  8.41  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  9.61  lbs. 

Note.  —  The  coal  when  fired  contained  3.7  per  cent,  of  moisture. 


The  test  on  boiler  No.  72  shows  the  performance  of  a  sec- 
tional boiler  which  had  been  used  many  years  and  which  had 
probably  become  inefficient,  on  account  of  deposits  of  scale 
upon  the  interior  surfaces.  The  economic  result  is  low, 
although  this  is  offset  to  some  extent  by  the  superheated  con- 
dition of  the  steam.  The  temperature  of  the  escaping  gases  is 
high,  a  further  indication  of  the  inefficiency  of  the  surface. 
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BoiLEB  No.  73. 

Kind  of  boilers, Vertical  tabular  (fire-box). 

Number  used, Two. 

Horse-power  (collective,  basis  13  sq.  ft.) ,       Two  hundred  and  sixty. 

Kind  of  coal, Goorge's  Creek  Cumberland. 

Age, Sixteen  months. 

Dimensions, 

Diameter  of  shell, 60     in. 

Height  between  heads  and  length  of  tubes, ....  15     ft 

Number  of  tubes  (collective)  2^  inches  outside  diameter,  .  .%0 

Diameter  of  fire-box  and  grate, 6     ft. 

Distance  of  grate  to  lower  tube  sheet, 3  ft  6  in. 

Width  of  air  spaces  and  metal  bars  in  grates,      .     Air  1-2  in.,  metal  5-8  in. 

Area  of  water-heating  surface, 2,521     sq.  ft. 

Area  of  steam-heating  surface, 880     sq.  ft 

Area  of  total  heating  surface, 3,401     sq.  ft. 

Area  of  grate  surface, 56.7  sq.  ft. 

Area  through  tubes, 8     sq.  ft. 

llatio  of  water-heating  surface  to  grate  surface,  .                .  44.5  to  1 

Ratio  of  steam-heating  surface  to  grate  surface, .        .        .  15.7  to  1 

Ratio  of  total  heating  surface  to  grate  surface,    .        .        .  60.2  to  1 

Ratio  of  grate  surface  to  tube  area, 7.1  to  1 

Results  of  Test. 

Teit  No.  136. 

Manner  of  start  and  stop, Thin  fire. 

Kind  of  run, Ordinary. 

Duration, 10.3    hrs. 

Coal  consumed  dry  (including  wood  equivalent),        .        .  7,588       lbs. 

Percentage  of  ash, 7.7    % 

Water  evaporated, 81,730       lbs. 

Coal  per  hour, 739.3    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  13.08  lbs. 

Water  per  hour, 7,962.8    lbs. 

Water  per  hour  per  squai'e  foot  of  water-heating  surface,  .  3.2    lbs. 

Horse-power  developed, 243.1    H.  P. 

Boiler  pressure, 46.4    lbs. 

Temperature  of  feed- water, 186       deg. 

Temperature  of  escaping  gases, 427       deg. 

Number  of  degrees  of  superheating, 18       deg. 

Draught  suction, 0.28  in. 

Water  per  pound  of  coal, 10.77  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  11.34  lbs. 

AVater  per  pound  of  combustible  from  and  at  212  degrees,  12.29  lbs. 
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Boiler  No.  73  differs  from  other  vertical  boilers  referred  to 
in  the  paper,  being  provided  with  a  fire-box  and  an  ample  area 
of  heating  surface.  There  is  no  brick-work  about  the  setting, 
excepting  the  brick  ash-pit  which  supports  the  boiler.  The 
outside  of  the  shell  is  protected  by  a  covering  of  asbestos  board 
and  hair  felting.  The  interior  surfaces  in  the  boiler  were 
known  to  be  reasonably  clean. 

The  conditions  both  in  the  matter  of  boiler  proportions  and 
the  character  of  the  work  done  during  the  test  are  favorable  to 
economy.  The  proportion  of  water-heating  surface  to  grate 
surface  is  as  large  as  good  practice  in  norizontal  boilers  re- 
quires ;  there  is  a  considerable  amount  of  steam-heating  sur- 
face ;  there  is  a  minimum  chance  for  external  radiation  ;  there 
are  no  avenues  for  the  entrance  of  air  except  those  provided  in 
the  fire-door ;  and  during  the  test  the  rate  of  coal  consumption 
was  suflBcient  to  secure  excellent  combustion.  These  condi- 
tions are  favorable  to  economy  and  it  is  seen  that  the  result  of 
the  test  bears  out  the  expectations  which  the  conditions  justify. 

The  result  is  higher  than  any  in  the  paper  thus  far  reported. 
The  figure  which  comes  the  nearest  is  that  obtained  on  boiler 
No.  47,  which  is  of  the  same  type,  though  more  complicated  in 
its  construction.  Boiler  No.  47  gave  the  same  evaporation  per 
pound  of  combustible,  but  the  steam  in  that  case  was  saturated, 
while  in  this  case  it  is  superheated  18  degrees. 

Boiler  No.  74. 

Kind  of  boiler, Horizontal  return  tubular. 

Number  used, One. 

ilorse-power  (basis  12  square  feet),     .  One  hundred  and  ^ye. 

Kind  of  coal, George's  Creek  Cumberland. 

Age, Several  years. 

Dimensions, 

Diameter  of  shell, 60     in. 

Length  between  heads  and  length  of  tubes, ....  17     ft. 

Number  of  tubes  Sl^  inches  outside  diameter,       ...  76 

Area  of  heating  surface, 1,262     sq.  ft. 

Area  of  grate  surface, 23.7  sq.  ft. 

Area  through  tubes, 4.4  sq.  ft. 
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Width  of  air  spaces  and  metal  ban  in  grates.  Air  1-2  in.,  metal  3-8  in. 

Distance  of  grate  to  shell, 24     in. 

Distance  of  flat  bridge  to  shell, 9     in. 

Character  of  space  behind  bridge.                         Open  (see  memorandom). 
Ratio  of  heating  surface  to  grate  surface,     ....  6S.1  to  1 

Ratio  of  grate  surface  to  tube  area, 5.4  to  1 

Kind  of  brick  setting. \^\  "'PP"'^    «*    ^'^'^- 

i     (See  memorandum.) 


Results  of  Test. 

Tett  No.  U7. 

Manner  of  start  and  stop.      ....     S  Ordinary,  with  preliniin«y 

i     heating. 

Kind  of  run, Continuous. 

Duration, 9.7    hrs. 

Coal  per  hour, 3,149       lbs. 

Percentage  of  ash, 7.5    % 

Water  evaporated, 34,116       lbs. 

Coal  per  hour, 323       lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  13.6    lbs. 

Water  per  hour, 3,499.4    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,     .        .  2.8    lbs. 

Horse-power  developed, 108.1    H.  P. 

Boiler  pressure, 61.7    lbs. 

Temperature  of  feed-water, 178.7    deg. 

Temperature  of  escaping  gases, 413       deg. 

Draught  suction, 0.15  in. 

Water  per  pound  of  coal, 10.83  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  11.54  lbs. 

W^ater  per  poimd  of  combustible  from  and  at  212  degrees,  12.47  lbs. 


Boiler  No.  74  is  of  the  common  horizontal  tubular  type, 
though  it  has  somewhat  unusual  proportions.  These  are 
secured  by  the  provision  of  a  small  area  of  grate  surface. 
The  boiler  is  of  unusual  length  and  has  tubes  of  larger  diam- 
eter than  most  of  the  boilers  of  the  paper.  The  boiler  is 
supplied  with  air  at  tlie  bridge  wall  in  a  different  manner  from 
that  followed  in  any  other  case.  The  arrangement  is  such  that 
the  air  enters  in  two  currents,  one  above  and  one  below  the 
burning  gases.  One  supply  comes  from  the  bridge  wall,  which 
is  hollow,  and  it  is  discharged  through  perforations  in  the  rear 
face  of  the  wall  near  the  top.     The  other  current  is  supplied 
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first  to  a  second  hollow  wall  placed  a  short  distance  behind  the 
bridge  w^all,  and  suspended,  so  to  speak,  from  the  shell  of  the 
boiler,  thereby  causing  the  products  of  combustion  to  pass 
beneath  it.  The  air  emerges  through  perforations  in  the  front 
face  of  this  wall  near  the  bottom. 

The  economic  result  of  the  test  is  the  highest  of  any  given  in 
the  paper  for  this  type  of  boiler.  It  is  to  be  noted  that  the 
rate  of  combustion  is  high,  and  the  temperature  of  the  escaping 
gases  is  comparatively  low.  These  are  two  conditions  which 
are  favorable  to  a  good  result.  The  effect  of  air  supplied  at 
the  bridge  wall  has  been  beneficial  in  numerous  cases  where 
l>itaniinous  coal  is  used.  It  should  be  specially  beneficial  in 
this  case,  for  the  reason  that  the  aiTangement  by  which  it  isu 
admitted  provides  for  a  very  thorough  mixture  with  the 
products  of  combustion. 

Preliminary  to  the  beginning  of  this  test  the  boiler  was 
heated  and  steam  was  raised  to  its  working  point,  and  there 
was  no  pause  in  the  production  of  steam  from  beginning  to  end. 
It  may  be  held  that  this  furnishes  a  reason  for  the  excellent 
performance  over  many  other  boilers  in  which  there  was  no 
preliminary  heating  beyond  the  ordinary  conditions,  and  in 
which  the  noonday  interval  occurred.  Some  improvement  may 
be  attributed  to  this  cause,  but  its  extent  is  believed  to  be 
trifling. 

The  character  of  the  combustion,  as  seen  through  a  peek 
hole  at  the  back  end  of  the  boiler,  was  excellent,  and  a  notably 
high  degree  *  of  heat  was  produced.  There  was  a  marked 
absence  of  dense  black  smoke  discharged  from  the  chimney. 


Boiler  No.  75. 

Kind  of  boilers, Water-tube. 

Number  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft.) ,       Two  hundred  and  sixty. 

Kind  of  coal  J  ^®*  *°^  l>\ist  one  part,  Fowelton 

' \     Bituminous  four  parts. 

Age,        ....  New. 
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Dimensions, 

Number  of  tabes  4  inches  outside  diameter,  144 

Length  of  tabes, 18     ft 

Area  of  heating  surface, 3,126     sq.  ft. 

Area  of  grate  surface, 70     sq.  ft. 

Area  through  flue, 11.1  sq.  ft. 

Height  of  chinmey, 80     ft. 

Width  of  air  spaces  and  metal  bars  in  grates,      .    Air  3-8  in.,  metal  5-d  in. 
Ratio  of  heating  surface  to  grate  surface,    ....  44.7  to  1 

Ratio  of  grate  surface  to  flue  area, 6.3  to  1 

/"  Passages  in  walls  supply- 
Kind  of  brick  setting, )     ing  air  to  sides  of  funr- 

C    nace. 

Bes7ilts  of  Test. 

Teft  No.  U6L 

Manner  of  start  and  stop  and  kind  of  ran,  ....  Ordinary. 

Duration, 11.6    hrs. 

Coal  consumed  dry  (including  wood  equivalent),        .        .  13,644       lbs. 

Percentage  of  ash, 9.0    % 

Water  evaporated, 133,096       lbs. 

Coal  per  hour, 1,176.2    lbs. 

Coal  per  hour  per  square  foot  of  grate,        ....  16.7    lbs. 

Water  per  hour, 11,441.6    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,    .        .  3.7    lbs. 

Horse-power  developed, 403.3    H.  P. 

Boiler  pressure, 77       lbs. 

Temperature  of  feed-water, 38       deg. 

Temperature  of  escaping  gases, 402       deg. 

Draught  suction, 0.5    in. 

Water  per  pound  of  coal, 9.75  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,      .        .  11.86  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  13.01  lbs. 

Note.  —  The  coal  when  fired  contained  4.5  per  cent,  of  moisture. 

The  test  on  boiler  No.  75  is  remarkable  on  account  of  the 
high  character  of  the  result.  It  is  superior  to  any  given  in 
the  whole  scries  of  tests.  That  economy  ought  to  be  secured 
is  evident  when  the  conditions  under  which  the  boiler  worked 
are  examined.  There  is  a  high  ratio  of  heating  surface  to 
grate  surface.  As  a  consequence,  a  large  share  of  the  heat  is 
absorbed,  the  temperature  of  the  flue  gases  being  at  the  com- 
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paratively  low  figure  of  402  degrees.  A  high  rate  of  com- 
bustion prevails,  and  this  feature  is  one  which  tends  to 
economy.  Air  is  admitted  at  the  bridge  wall  to  enhance  the 
combustion  of  the  gases,  a  provision  which,  with  bituminous 
coal,  as  various  tests  given  in  the  paper  show,  increases  the 
efficiency.  Added  to  all  is  the  fact  of  the  new  and  presumably 
clean  condition  of  the  surfaces. 


Boiler  No.  76. 

Kind  of  boilers,  .        .        .        .        Water-tube. 

Number  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft.) ,        One  hundred  and  fifty-seven. 

Kind  of  coal, George's  Creek  Cumberlimd. 

Age, Four  years. 

Dimensions. 

Number  of  tubes  4  inches  outside  diameter,        ...  96 

Length  of  tubes, 16     ft 

Area  of  heating  surface, 1,886     sq.  ft. 

Area  of  grate  surface, 38.9  sq.  ft. 

Area  through  flue, 9.2  sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,     .    Air  5-8  in.,  metal  3-8  in. 

Ratio  of  heating  surface  to  grate  surface,    ....  48.4  to  X 

Ratio  of  grate  surface  to  flue  area, 4.2  to  1 

Kind  of  brick  setting, Common. 

Results  of  Test. 

Test  No.  139. 

Manner  of  start  and  stop  and  kind  of  run,  ....  Ordinary. 

Duration, 10.7    hrs. 

Coal  consumed  dry  (including  wood  equivalent),                .  6,812       lbs. 

Pei;centage  of  ash, 6.4    % 

Water  evaporated, 69,113       lbs. 

Coal  per  hour, 634.9    lbs. 

Coal  per  hbur  per  square  foot  of  grate,        ....  16.3    lbs. 

Water  per  hour, 5,510.6    lbs. 

Water  per  hour  per  square  foot  of  headng  surface,    .        .  2.9    lbs. 

Horse-power  developed,        .     • 189.3    H.  P. 

Boiler  pressure, 72.9    lbs. 

Temperature  of  feed-water, 66       deg. 

Temperature  of  escsCping  gases, 523       deg. 

Draught  suction, 0.21  in. 

Percentage  of  moisture  in  steam, 0.4    % 
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TMCVani. 

Water  per  pound  of  coal, 8.68  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  10.28  lbs. 

Water  per  poond  of  combustible  from  and  at  212  degrees,         10.d8  lbs. 

Preparatory  to  the  test  on  boiler  No.  76  the  cracks  in  the 
brick-work  and  all  the  crevices  around  the  doors,  with  which 
the  boiler  is  provided  for  purposes  of  cleaning,  were  filled  with 
fire-clay.  The  effect  of  reducing  by  this  means  the  quantity  of 
air  which  was  drawn  in,  was  revealed  by  means  of  the  draught 
gauge.  With  no  fire  in  the  furnace,  and  the  fire  and  ash  doors 
closed,  a  draught  of  0.31  of  an  inch  in  the  main  flue,  with  wide- 
open  damper,  produced  a  draught  of  0.25  of  an  inch  between  the 
damper  and  the  boiler,  before  the  openings  were  closed,  and  the 
fiill  draught  of  0.31  of  an  inch  after  they  were  closed.  When 
the  damper  was  in  a  partly  closed  position,  the  draught  in  the 
main  flue  remaining  the  same,  the  amount  realized  was  0.09  of 
an  inch  before  stopping  up  the  openings,  and  0.20  of  an  inch  after 
stopping  them  up.  The  crevices  were  not  fiilly  closed,  else  the 
fiill  draught  would  have  been  realized  when  the  damper  was 
partially  open.  Repeated  tests,  made  beforehand  with  open 
crevices,  showed  a  lower  economic  result  than  that  given  here, 
and  this  proves  that  the  leakage  of  too  much  air  into  a  furnace 
produces  no  beneficial  effect  upon  the  economy. 

The  result  of  the  test  is  inferior  to  that  corresponding  to 
highest  economy,  and  it  is  evident  that  it  is  due  largely  to  the 
high  temperature  of  the  escaping  gases.  Comparing  the  result 
with  that  obtained  from  boiler  No.  75,  it  is  seen  that  a  higher 
proportion  of  heating  surface  exists,  and  the  rate  of  combus- 
tion is  about  the  same,  while  the  temperature  of  the  gases  is 
hicrher  to  the  extent  of  121  degfrees.  The  heatinor  surface 
appears  to  have  been  inefficient.  It  is  known  that  the  interior 
surfaces  were  clean.  The  exterior  surfaces  were  as  clean  as  a 
steam  jet  could  make  them,  but  it  is  surmised  that  after  the 
considerable  period  of  service  to  which  they  had  been  sub- 
jected, under  the  use  of  bituminous  coal,  they  may  have  been 
covered  with  a  non-conducting  deposit  which  failed  to  be 
removed  by  the  steam. 
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BoiLEB  No.  77. 

Kind  of  boilers, Water-tube. 

Number  used, Two. 

Horse-power  (collective,  basis  12  sq.  ft.),  Four  hundred  and  thirty. 

Kind  of  coal, Cumberland. 

Age, Two  years. 


Dimensicms, 

Number  of  tubes  4  inches  outside  diaflieter,  252 

Length  of  tubes, 17.7  ft 

Area  of  heating  surface, 5,150     sq.  ft. 

Area  of  grate  surface, 102     sq.  ft 

Area  through  flue, 18     sq.  ft. 

Width  of  air  spaces  and  metal  bars  in  grates,  Air  3-8  in.,  metal  1-2  in. 

Ratio  of  heating  sm*face  to  grate  surface,    ....  50.5  to  1 

Ratio  of  grate  surface  to  flue  area, 6.1  to  1 

Kind  of  brick  setting, Conmion. 


Reaulta  of  Test, 

Teat  No.  140. 

Manner  of  start  and  stop  and  kind  of  run,    ....  Ordinary. 

Duration, 10.96  hrs. 

Coal  consumed  dry  (including  wood  equivalent),                .  13,420       lbs. 

Percentage  of  ash, 6.3    % 

Water  evaporated, 125,336       lbs. 

Coal  per  hour, 1,224.4    lbs. 

Coal  per  hour  per  square  foot  of  grate,  12       lbs. 

Water  per  hour, 11,437.8    lbs. 

Water  per  hour  per  square  foot  of  heating  surface,  2.2    lbs. 

Horse-power  developed,  357.2    H.  P. 

Boiler  pressure, 83       lbs. 

Temperature  of  feed-water, 173.6    deg. 

Temperature  of  escaping  gases, *  398       deg. 

Percentage  of  moisture  in  steam, 0.7    % 

Water  per  pound  of  coal, 9.34  lbs. 

Water  per  pound  of  coal  from  and  at  212  degrees,  10.05  lbs. 

Water  per  pound  of  combustible  from  and  at  212  degrees,  10.73  lbs. 

NoTB  —  The  coal  when  fired  contained  2.7  per  cent  of  moisture. 

*  Owing  to  leakage  of  air  into  the  flae  through  an  idle  boiler,  which  was  set  close  to 
the  two  in  use,  and  through  openings  around  the  dampers,  this  temperature  is  doubtless 
below  the  real  temperature  of  the  escaping  gases. 
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Boiler  Xo.  77  calls  for  no  special  comment.  It  is  of  large 
size  and  well  proportioned ,  but  it  failed  to  give  a  high 
economic  result.  Comparing  it  with  boiler  No.  75 ,  and  assmn- 
ing  that  the  conditions  which  existed  there  are  those  necessary 
for  the  l)est  work,  it  would  seem  that  the  low  result  is  pro- 
duced by  a  low  rate  of  combustion,  attended  by  an  excessive 
amount  of  waste  heat.  The  waste  heat,  which  for  the  reasons 
given  in  the  foot  note  is  not  shown  to  its  fiill  extent  by  the 
indication  of  the  thermometer,  points  to  inefficiency  of  the 
heating  surface,  such  as  would  be  produced  by  incrustation  or 
*  by  a  deposit  on  the  exterior  of  the  tubes. 
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The  Pbesident.  Gentlemen  have  heard  the  paper,  and  if 
anybody  has  anything  to  say  about  it  or  any  question  to  ask, 
now  is  the  time. 

Mr.  Manning.  Mr.  President  and  Gentlemen  :  I  think  we 
are  all  very  much  indebted  to  Mr.  Barrus  for  this  paper  on 
boilers,  as  it  is  certainly  the  best  and  most  reliable  information 
open  to  us  on  the  subject.  At  the  same  time,  I  cannot  let  it 
go  by  without  taking  issue  with  Mr.  Barrus  on  one  or  two 
points. 

In  the  first  place,  where  he  speaks  of  superheated  steam,  he 
would  rather  lead  me  to  the  idea  that  it  would  be  a  good  plan 
to  superheat  steam  two  or  three  hundred  degrees.  Theoreti- 
cally there  is  a  slight  gain  there,  but  practically  it  would  be 
death  to  the  engines.  Where  steam  is  to  be  carried  a  long  dis- 
tance, it  is  undoubtedly  good  economy  to  superheat  to  a  con- 
siderable degree  ;  but  where  it  is  used  in  the  engine,  a  super- 
heat of  from  twenty  to  thirty  degrees  above  the  temperature 
due  to  the  pressure,  I  think,  is  about  all  that  there  can  be  any 
economy  in.  That  prevents,  in  large  part,  the  initial  condensa- 
tion, and  it  is  merely  making  the  same  amount  of  water  the 
vehicle  for  a  greater  amount  of  heat.  To  get  this  superheated 
steam,  I  give  the  preference  to  a  vertical  boiler.  I  think  that 
Mr.  Barrus's  comparison  between  a  horizontal  and  a  vertical 
boiler  is  hardly  a  fair  one.  That  is,  he  acknowledges  himself 
that,  with  two  exceptions,  the  vertical  boilers  were  of  bad 
design  ;  that  they  were  deficient  in  heating  surface.  TBey  even 
fell  below  the  horizontal  boilers  in  that  respect ;  whereas,  they 
should  be  made,  and  can  be  made,  without  any  trouble,  to  far 
exceed  a  horizontal  boiler  in  the  ratio  of  heating  surface  to 
grate  surface.  That  enables  a  boiler  to  have  a  high  furnace 
temperature,  which  is  undoubted  economy,  and  at  the  same 
time  deliver  the  gases  lower.  Now,  the  test  of  boiler  No.  73 
he  throws  out  of  his  comparison  between  horizontal  and  vertical 
boilers,  because  the  gases  were  higher ;  but,  notwithstanding  the 
fact  of  the  escaping  gases  being  higher,  the  test  shows  th^  high- 
est eflBciency  of  any  vertical  boiler  tested.  The  reason  for  the 
gases  being  higher  is  that  there  was  no  inleakage  of  air.     In  nine 


232 

cases  out  of  ten  there  is  an  inleakage,  with  horizontal  boilers.  ^ 
of  from  10  to  15  per  cent,  of  the  volume  passing  up  through 
the  chimney,  which  has  never  been  through  the  boiler.     That^ 
of  course,  reduces  the  temperature  of  the    gases ;   whereas, 
the  reduction  of  temperature,  instead  of  being  economy,  is  a 
dead  loss ;   because  the  heat  has  gone  through  the  boiler  and 
then   been   diluted  afterwards,   thus   impairing  its  efficiency. 
Of  course,   the  higher  the  chimney  temperature  the  better 
draught  you  obtain.     By  lowering  that  temperature  after  the 
gases  have  been  through  the  boiler  you  interfere  with  it. 

I  have  no  doubt  in  my  mind  that  a  vertical  boiler,  properly 
designed,  with  a  large  ratio,  say  of  fifty-five  to  sixty-five 
square  feet  of  heating  surface  to  one  of  grate,  enables  you  to 
burn  a  high  rate  of  fuel  to  the  square  foot  of  grate  sur&ce, 
because  you  are  able  to  control  the  temperature  of  the  steam 
so  that  you  can  always  get  it  superheated  to  any  degree  you 
desire,  and  still  secure  a  high  degree  of  efficiency. 

Now  as  to  the  length  of  the  tests  nmde  by  Mr.  Barrus. 
They  are  good  for  comparison  as  long  as  they  are  all  made  by 
the  same  man ;  but  tests  of  this  length  made  by  different  men, 
under  different  circumstances,  are  no  good  basis  for  comparison. 
A  boiler  test,  to  be  of  much  value  as  an  engineering  fact,  must 
be  one  of  at  least  thirty-six  hours,  and  better,  seventy-two  hours, 
in  duration,  continuously,  without  any  night  intermissions  or 
day  intermissions  ;  but,  as  that  is  not  practicable,  the  results  that 
he  has  given  us  are  the  very  best  under  the  circumstances.  I 
think  we  are  all  very  much  indebted  to  Mr.  Barrus. 

The  President.  Are  there  any  other  remarks  upon  this 
subject  ? 

A  Member.  I  would  like  to  ask  Mr.  Manning  if  he  has 
made  any  tests  of  the  boilers  under  his  charge  that  will  show- 
better  results  than  are  shown  by  Mr.  Barrus,  if  he  is  willing  to 
tell  us  ? 

Mr.  Manning.  I  have  made  tests  that  show  a  little  better 
than  Mr.  Barrus'.  They  were  made  on  a  boiler  that  had  not 
been  used  twenty-four  hours  before  it  was  used  for  the  test. 
The  test  was  a  continuous  one,  for  thirty  or  thirty-six  hours, 
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I  am  not  certain  which.  The  result  of  the  test  showed  13.1 
>ounds  of  water  per  pound  of  combustible,  from  and  at  212 
l^egrees.  I  do  not  think  that  a  boiler  is  apt  to  keep  up  to  that 
\}r  its  lifetime.  The  boilers  that  Mr.  Barrus  tested,  I  think, 
:^ad  been  in  use  some  eighteen  months,  and  showed  a  decidedly 
higher  temperature  of  escaping  gases  —  as  I  should  expect  they 
"would  —  than  the  boiler  which  I  tested.  The  boiler  which  I 
tested  being  perfectly  clear  and  clean,  the  surfaces  cleaned 
inside  and  out,  and  giving  a  better  absorption  of  heat,  I  got 
T)etter  results.  The  test  of  capacity,  also,  gave  very  nearly  as 
good  results. 

A  Member.  I  would  like  to  inquire  if  that  was  a  vertical 
boiler,  and  if  so,  the  size  of  the  tubes? 

Mr.  Manning.  Yes ;  it  was  a  vertical  boiler  that  I  had 
reference  to.  The  diameter  of  the  tubes  was  two  and  one-half 
iuches.  There  is  another  fact  that  Mr.  Barrus  touched  on, 
which  is,  that  the  area  of  tube  opening  must  have  a  certain 
relation  to  the  grate  surface.  Therefore,  to  get  a  certain 
amount  of  heating  surface,  it  must  be  obtained  by  lengthening 
the  tube.  In  other  words,  both  in  horizontal  and  vertical 
boilers,  the  thing  turns  almost  entirely  on  the  relation  of  the 
length  to  the  diameter  of  the  tubes,  and  not  on  the  length  of 
the  boiler.  If  we  exceed  thirty  diameters  in  length  of  tube  its 
efficiency  decreases  very  rapidly,  until  at  ninety  diameters 
there  is  almost  no  efficiency  whatever.    ^ 

The  President.  If  no  further  discussion  of  this  subject  is 
desired,  the  meeting  is  open  for  any  matter  that  the  members 
care  to  bring  up. 

A  Member.  I  would  like  to  ask  Mr.  Barrus  if  he  will 
answer  this  question :  Supposing  I  want  to  put  in  a  new 
steam  boiler,  would  he  recommend  a  vertical  boiler  or  a  hori- 
zontal boiler,  and  also  the  diameter  and  the  length  of  the 
different  tubes  which  are  put  into  these  different  boilers  ?  After 
all  his  experiments  and  tests,  I  should  think  he  would  be  able 
to  give  us  an  answer  to  the  inquiry.  What  boiler  would  be 
economical  to  put  in  for  the  best  plant  ? 
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Mr.  Barrus.  I  would  state  that  I  have  recently  recom- 
mended vertical  tubular  boilers  in  preference  to  any  other,  for 
several  plants,  with  tubes  two  and  a  half  inches  in  diameter. 
These  were  of  the  general  dimensions  given  for  boiler  No.  73 
of  the  paper. 

I  would  like  to  say,  in  reply  to  what  Mr.  Manning  brought 
up,  that  I  did  not  intend  to  advocate  in  this  paper  a  high 
degree  of  superheating,  but  simply  to  state  the  fact  as  to  what 
superheating  would  do.  As  I  stated,  in  ten  tests  on  different 
engines,  where  the  steam  was  superheated  an  average  of  thirty 
degi'ees,  there  was  a  gain  of  5  per  cent.  I  do  not  say  that 
superheating  to  228  degrees  would  be  desirable,  but  I  simply 
state  that  as  a  fact. 

A  Member.  I  would  like  to  ask  Mr.  Manning  if,  in  the 
expensive  steam  plant  he  has  had  built  at  the  Amoskeag,  he  put 
in  anjrthing  but  vertical  boilers  ? 

Mr.  Manning.  No,  sir;  we  are  using  nothing  but  vertical 
boilers.  There  are,  of  course,  places  where  certain  circum- 
stances make  a  horizontal  boiler  advisable  ;  but,  all  other  things 
being  equal,  for  efficiency,  economy,  power  to  force  it,  safety, 
and  almost  every  other  reason,  I  prefer  a  vertical  ])oiler  to  a 
horizontal.  In  a  vertical  boiler,  as  the  water  drops  down,  the 
coldest  part  of  the  tubes  is  ex[)Osed.  In  a  horizontal  boiler, 
with  loss  of  water,  the  very  first  thing  to  come  out  is  the  hottest 
tube.  That  is,  the  upper  row  of  tubes  is  always  hotter,  and 
considerably  hotter,  than  any  other  row.  With  a  vertical 
boiler  and  tubes  fifteen  feet  long,  the  water  can  drop,  with  one 
hundred  pounds  of  steam  on,  within  two  feet  of  the  lower  tubes 
and  not  injure  the  boiler. 

A  Member.  I  would  like  to  ask  Mr.  Barrus  what  system 
he  used  in  his  test  of  oil.  He  says  his  highest  test  shows 
fifteen  pounds  of  water  for  a  pound  of  oil.  I  understand  they 
are  doing  a  good  deal  better  than  that  per  pound  of  oil. 

Mr.  Barkus.  I  used  a  burner  which  embraced  a  steam  jet 
which  vaporized  the  oil  and  injected  it  into  the  furnace,  and 
the  flame  which  it  produced  played  upon  a  mass  of  rock  in  the 
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furnace.  There  was  nothing  peculiar  about  it ;  just  an  ordinary 
plain  burner. 

A  Member.  If  it  is  in  order  to  make  a  suggestion  to  the 
Executive  Committee,  I  would  like  to  call  their  attention  to  a 
new  method  of  cooking  which  is  being  developed  by  Mr.  Atkin- 
son, with  a  view  to  their  considering  whether  it  might  not  be 
worth  while  to  ask  him  to  present  it  to  our  Association.  It 
is  rather  a  departure  from  the  ordinary  subjects  of  a  manufact- 
urers' meeting,  but  it  has  an  important  bearing  upon  the  cost 
of  living. 

The  President.  No  doubt  the  Executive  Committee  will 
be  glad  to  consider  the  suggestion. 

Mr.  Walter  E.  Parker.  The  papers  presented  to  the 
Association  to-day  are  all  from  non-members.  Mb.  Bebd's 
paper  was  prepared  with  much  care  and  accuracy,  after  a  thor- 
ough investigation  of  the  methods  employed  in  picking  cotton, 
and  is  a  valuable  contribution.  The  paper  from  Mr.  Barbus, 
it  seems  to  me,  is  the  most  valuable  on  that  subject  —  possibly 
with  one  exception  —  ever  presented  to  this  Association ;  and 
I  move  that  the  thanks  of  this  Association  be  extended  to  the 
persons  who  have  favored  us  to-day. 

This  motion  was  seconded  and  carried  unanimously. 

The  President.  The  gentlemen  will  please  accept  the 
thanks  of  the  Association.  I  may  be  allowed  to  add  my  per- 
sonal thanks  to  Mr.  Barrus  for  his  paper.  I  agree  perfectly 
with  what  Mr.  Parker  has  said.  I  think  it  will  be  found  to 
be  a  paper  of  great  value  to  all  the  steam  users  in  the  Associa- 
tion. 

A  Member.  I  would  like  to  ask  Mr.  Manning,  for  the 
information  of  some  who  do  not  know,  what  distance  his 
boilers  are  from  his  engines  ? 

Mr.  Manning.  The  nearest  pair  of  engines,  a  pair  of  thirty- 
six  by  six  feet  Corliss  engines,  running  sixty-two  revolutions, 
are  about  seven  hundred  feet  from  the  boilers.  The  next 
engines  are  some  five  hundred  feet  further  than  that,  on  the 
upper  level.     One  pair  of  thirty  by  six  feet  Corliss  engines. 
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niniiing  forty-Dine  revolutions,  developing  about  twelve  hnndred 
horse-ix)wer  at  their  full  power,  and  another  engine  of  about  a 
thousand  horse-iK>wer,  stand  a1>out  twelve  hundred  feet  from 
the  lK>iler-house,  bv  the  most  direct  route. 

The  PK£^ID£^T.  If  there  is  no  further  business,  a  motion  to 
adjourn  will  be  in  order. 

Ou  motion,  the  meeting  then  adjourned. 
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William  C.  Greene     .    Thonidike  Co Thorndike,  Mass. 

Frederick  Grinnell Providence,  R.I. 

Arthur  H.  Gulliver         Grosvenor  Dale  Co.  .    .    .  Grosvenor  Dale,  Conn. 

2.  D.  Hall Boott  Cotton  Mills    .    .     .  Lowell,  Mass. 

IL  P.  Ilammett .     .    .    Piedmont  Manuf.  Co.   .    .  Greenville,  S.C. 

«John  F.  Hamlet     .     .    Manville  Mills     ....  Manville,  R.I. 

C.  M.  Harris,  Jr.    .     .    Oakdale  Shirt  Manuf.  Co.  Oakdale,  Mass. 

Frank  Haskell   .     .     .    Westbrook  Manuf.  Co.      .  Saccarappa,  Me. 

William  Hayes  .    .     .    Barker  Mill Auburn,  Me. 

Jefferson  Higgins Augusta,  Me. 

John  H.  Higgins    .     .    Forestdale  Manuf.  Co.  .    .  Slatersville,  R.I. 

J.  G.  Hill Lawrence  Manuf.  Co.   .    .  Lowell,  Mass. 

J.  P.  Hillard  ....    American  Linen  Co.      .    .  Fall  River,  Mass. 

Charles  H.  Hobbs  .     .    Slatersville  Manuf.  Co.    .  Slatersville,  R.I. 

John  Holland     .    .    .    CochecO  Manuf.  Co. .     .     .  Dover,  N.H. 

Stephen  Holman Holyoke,  Mass. 

George  W.  Holt,  Jr.  .    Monohansett  Manuf.  Co.  .  Putnam,  Conn. 

William  Hooper     .    .     Atlantic  Cotton  Mills    .    .  Boston,  Mass. 

John  Hopkinson     .     .    Mississippi  Mills ....  Wesson,  Miss. 

Elisha  H.  Howard .    .    Harris  Manuf.  Co.    .    .    .  Providence,  R.I. 

Henry  S.  Howe Boston,  Mass. 
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David  L.  Jewell  . 
D.  W.  Johnson  .  . 
D.  J.  Johnston  .    . 

Royal  Kalloch  .  .  - 
Roland  R.  Kelly  . 
Joseph  H.  Kendrick 
George  £.  Kent  . 
Hervey  Kent  .  . 
William  J.  Kent  . 
John  Kilbum  .  . 
H.C.  Kimball  .  . 
John  M.  Kimball  . 
J.  H.  A.  Klauder  . 
A.  F.  Knight .  .  . 
Walter  B.  Knight  . 

Harold  Lawton .  . 
Frederick  A.  Leigh 
J.  Ivers  Lewis  .  . 
Charles  W.  Lippitt 
Henry  Lippitt  .  . 
Henry  F.  Lippitt  . 
Robert  W.  Lord  . 
Charles  L.  Lovering 
Ernest  Levering  . 
Henry  M.  Lovering 
J.  S.  Ludlam  .  . 
Alvin  S.  Lyon    .    . 

W.  H.  Magee     .    . 
Charles  T.  Main     . 
Charles  H  Manning 
Albert  G.  Martin    . 
Rufus  A.  Maxfiehl 
Thomas  Mayor  .    . 
Robert  McArthur  . 
W.E.  McCoy     .    . 
Wm.  H.  McDavitt . 
Charles  D.  McDuffie 
Fred.  C.  McDuffie  . 
John  Tempest  Meets 
Frank  M.  Messenger 


China,Web8Y&Pemb'keM.    Smicook,  N.H. 
Monadnock  Mills      .    .    .    Claremont,  N.H. 


Harmony  lilills    .    . 

Tennessee  Manuf.  Co. 
Wampanoag  Mills   . 


Pittsfield  Mills     .    . 
Exeter  Manuf.  Co.    . 
Grinnell  Manuf.  Co. 
Lawrence  Manuf.  Co. 
Blackstone  Manuf.  Co. 
Bates  Manuf.  Co. 


Canada  Cotton  Manuf. 
Bozrahville  Manuf.  Co 

Lapham^s  Mill      .    . 


Co. 


Uncasville  Manuf.  Co. 
Social  Manuf.  Co.     . 
Social  Manuf.  Co.     . 
GlolKjMill  .... 


Whittenton  Manuf.  Co. 
Lyman  Mills  .  .  . 
Whittenton  Manuf.  Co. 
Merrimack  Manuf.  Co. 
Lowell  Manuf.  Co.  . 


Berkeley  Mill  .    ,    . 
Pacific  Mills     .    .    . 
Amoskeag  Manuf.  Co. 
P.  O.  Box  195  ..    . 


Pcpperell  &  Laconia  Cos. 
Riverside  Mills    .    . 
Appleton  Co.   .    .    . 
Manchester  Mills 
Everett  Mill     .    .    . 


Grosvenor  Dale  Co.  . 


Cohoes,  N.Y. 

Nashrille,  Tenn. 
Fall  River,  Mass. 
Providence,  R.I. 
Pittsfield,  N.H. 
Exeter,  N.H. 
New  Bedford,  Mass. 
Lowell,  Mass. 
Blackstone,  Mass. 
I^wiston,  Me. 
Philadelphia,  Penn. 
Cornwall,  Ont 
Bozrahville,  Conn. 

Centreville,  R.I. 
Boston,  Mass. 
New  Ix^ndon,  Conn. 
Providence,  R.I. 
Providence,  R.L 
Providence,  R.L 
Kennebunk,  Me. 
Taunton,  Mass. 
Ilolyoke,  Mass. 
Taunton,  Mass. 
Lowell,  Mass. 
Lowell,  Mass. 

Ashton,  R.L 
Lawrence,  Mass. 
Manchester,  N.H. 
Eufaula,  Ala. 
Lowell,  Mass. 
Providence,  R.L 
Biddeford,  Me. 
Augusta,  Ga. 
Lowell,  Mass. 
Manchester,  N.H. 
Lawrence,  iSfass. 
Taunton,  Mass. 
North  Grosvenor  Dale, 

Conn. 
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James  H.  McMullan Biddeford,  Me. 

Timothy  Merrick  .    .    Merrick  Thread  Co. .    .    .  Holyoke,  Mass. 

Oliver  H.  Moulton      .    Hamilton  Manuf.  Co.    .    .  Lowell,  Mass. 

J.  Turner  Morehead Leaksville,  N.C. 

W.  H.  Mwiroe  ...    41  Harrison  Street    .    .    .  Pi-ovidence,  R.  I. 

Franklin  Nourse    .    .    York  Manuf.  Co Saco,  Me. 

E.  H.  Nutting    .    .    .    Hooksett  Manuf.  Co.     .    .  Ilooksett,  N.H. 

Warren  M.  Orswell    .    Shirley  Yam  Co Shirley,  Mass. 

John  C.  Palfrey     .    .    Manchester  Mills      .    .    .  Boston,  Mass. 

Francis  J.  Parker  .    .    Monadnock  Mills      .    .    .  Boston,  Mass. 

Walter  E.  Parker  .    .    Pacific  Mills Lawrence,  Mass. 

John  H.  Parks  .    .    .    New  Brunsw'k  Cotton  Mills,  St.  John,  N.B. 

Theophilus  Parsons    .    Lyman  Mills Boston,  Mass. 

William  D.  Pennell    .    Lincoln  Mill Lewiston,  Me. 

Haven  C.  Perham Lowell,  Mass. 

John  M.  Pevey Lowell,  Mass. 

Moses  Pierce     .    .    .    Norwich  Bleachery  .    .    .  Norwich,  Conn. 

Charles  H.  Plunkett  .    Great  Falls  Manuf  Co.     .  Great  Falls,  N.H. 

H.  L.  Pratt    ....    Bates  Manuf.  Co.      .    .    ,  Lewiston,  Me. 

Thomas  Pray,  Jr Boston,  Mass. 

J.  E.  Prest Whitinsville,  Mass. 

A.  M.  Pulsifer    .    .    .    Barker  Mill Auburn,  Me. 

IVL  W.  Quinn     .    .    .    Hamilton  Woolen  Co.  .    .  Amesbury,  Mass. 

T.  G.  Ramsdell  .    .    .    Monument  ^lills  ....  Housatonic,  Mass. 

Robert  Bedford      .    .    Arlington  Mills    ....  Lawrence,  Mass. 

James  Renfrew,  Jr.    .    Renfrew  Manuf.  Co.     .    .  Adams,  Mass. 

Roscoe  C.  Reynolds Lewiston,  Me. 

John  Rhodes Millbury,  Mass. 

F.  H.  Rice W.  Boylston,  Mass. 

Howard  Richmond     .    Crompton  Co Providence,  R.I. 

Charles  A.  Riley Boston,  Mass. 

Andrew  Robeson Brookline,  Mass. 

Louis  Robeson  .    .    .    Appleton  Co Boston,  Mass. 

William  F.  Salmon    .    Lowell  Hosiery  Co.  .    .    .  Lowell,  Mass. 

H.  Saltonstall    .     .    .    Pacific  Mills Boston,  Mass. 

Wm.  G.  Saltonstall    .    York  Manuf.  Co.      .     .    .  Boston,  Mass. 

Arnold  B.  Sanford     .    Globe  Yam  Mill  ....  Fall  River,  Mass. 

J.  H.  Sawyer     .    .    .    Newmarket  Manuf.  Co.    .  Boston,  Mass. 
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John  Scott     ....  Willimantic  Linen  Co.  .     .  Willimantic,  Conn. 

John  C.  Sharp,  Jr.      .  Canoe  River  ^lills    .    .    .  Taunton,  Mass. 

£.  M.  Shaw  ....  Nashua  Manuf.  Co.  .    .    .  Nashua,  N.H. 

Thomas  C.  Sheldon    .    Sawyer  Mill Boylston,  Mass. 

George  E.  Sherman    .    Valley  Falls  Co Valley  Falls,  R.l. 

William  F.  Sherman  .  Atlantic  Cotton  Mills    .    .  Lawrence,  ^rass. 

Charles  M.  Shove  .    .    Granite  Mills Fall  River,  Mass. 

Francis  H.  Silsbee  .    .    Pacific  Mills Lawrence,  Mass. 

Arva  C.  Slater  .    .     .  Linwood  Mills      ....  Whitinsville,  Mass. 

Robert  R.  Smith     .    .    Greenwoods  Co New  Hartford,  Conn. 

Wm.  S.  Southworth    .  Mass.  Cotton  Mills   .    .     .  Lowell,  Mass. 

S.  S.  Spencer     .    .    .  Conestoga  Steam  Mills     .  Lancaster,  Penn. 

B.  T.  Stephenson    .    .  Waltham  Bleachery     .     .  Waltham,  Mass. 

Wilbur  A.  Stiles Boston,  Mass. 

Joseph  Stone     ...    85  Milk  St Boston,  Mass. 

Herman  F.  Straw  .     .  Amoskeag  Manuf.  Co.  .    .  Manchester,  N.H. 

Henry  D.  Sullivan      .  Naumkeag  S.  Cotton  Co.  .  Salem,  Mass. 

James  O.  Sweet     .    .  Ashland  Cotton  Co.  .    .    ,  Jewett  City,  Conn. 

Edward  P.  Taft      .    .  Ponemah  Mills     ....  Providence,  R.L 

Charles  F.  Tarbell      .  620  Atlantic  Ave.      .     .     .  Boston,  Mass. 

George  P.  Taylor  .     .  Lancaster  Mills    ....  Clinton,  Mass. 

Richard  Thackerav     .  Weetanioe  Mills  ....  Fall  River,  Mass. 

Earl  A.  Thissell Lowell,  Mass. 

Ariel  C.  Thomas    .     .  Clinton  Manuf.  Co.  .     .     .  Woonsooket,  R.L 

Charles  E.  Thomas     .  Clinton  Manuf.  Co.   .     .     .  Woonsocket,  R.L 

E.  W.  Thomas   .     .     .  Treniont  and  Suflblk  Mills,  Lowell,  Mass. 

D.  ^L  Thompson    .     .  Mills  of  B.  B.  &  K.  Knitrht,  Providence,  R.L 

Samuel  J.  Thompson  .     Valatie  Mills Valatie,  N.Y. 

Osmon  B.  Tilton     .     .  Lynchburg  Cotton  Mills    .  Lynchburg,  Va. 

William  E.  Trainer    .    Linwood  Mills Linwood  Sta.,  Penn. 

Edmund  E.  Truesdell,  China,WebsY<fcPemb'kcM.  Suncook,  N.H. 

James  Waring  .     ,     .    Narragansett  Mills   .     .     .  Fall  River,  Ma.ss. 

John  Waterman     .     .     Warren  Manuf.  Co.  .     .     .  Warren,  R.L 

J.  W.  Wattles Canton,  Mass. 

T.  B.  Wattles Suncook,  N.H. 

George  W.  Weeks  .     .     Lancaster  Mills    ....  Clinton,  Mass. 

John  Walter  Wells     .    Millville  :VLinuf.  Co.     .    .  Woodbury,  N.J. 

Henry  F.  West  .     .     .    Washington  ^lanuf.  Co.    .  Gloucester,  N.J. 

Channing  Whitaker Lowell,  Mass. 

A.  TennyWhite Biddeford,  Me. 

(Charles  E.  Whidn  .     .     AVhitin  Manuf.  Co.    .     .     .  AVhitinsville,  Mass. 

Harry  T.  Whitin    .     .    Roekdale  Mill Northbridge,  Mass. 
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William  H.  Whitin 
A.  N.  Whiting  .  . 
William  S.  Whitney 
Henry  M.  Wilcox  . 
Theop.  W.  Wilmarth 
Thomas  Wilmarth . 
A.  S.  Winslow  .  . 
Oeorge  Wood  .  . 
C.  J.  H.  Woodbm-y 
Daniel  Wright  .    . 


Whitin  Manuf.  Co.  .  .  . 
Whiting  Mills .  .  .  .  . 
Pocasset  Manuf.  Co. .  .  . 
John  Rhodes  Warp  Mill  . 
Rockdale  Mills  .... 
Saunders'  Cotton  Mills .    . 

Crompton  Co 

Millville  Manuf.  Co.     .    . 


•  ••••• 

]Moss  Manuf.  Co. 


•    .    • 


Whitinsville,  Mass. 
Oakdale,  Mass. 
Fall  River,  Mass. 
Millbiury,  Mass. 
Northbridge,  Mass. 
Saundersville,  Mass. 
Crompton,  R.I. 
Philadelphia,  Penn. 
Boston,  Mass. 
Westerly,  R.I. 


Total  number  of  Ilonorar}'  Members -2 

Total  number  of  Active  Members 241 


CALL  FOR  MEETING. 


Boston,  April  1, 1889. 

Dear  Sir  :  —  The  stated  annual  meeting  of  the  Association  will  be  held 
at  the  Massachusetts  Institute  of  Technology,  Boylston  Street,  Boston,  on 
Wednesday,  April  24, 1889,  at  10  oY'lock  a.m.,  for  the  choice  of  officers  for 
the  ensuing  year,  and  the  transaction  of  any  other  business  which  may 
properly  come  before  it. 

After  the  business  of  tlie  meeting  is  concluded,  by  invitation  of  the  board 
of  government,  papers  will  be  read  by  the  following-named  gentlemen, 
upon  the  topics  stated :  — 

Mr.  W.  S.  Kellet  of  Lowell,  Mass.,  on  the  Application  of  Electro- 
motive Power  to  Mill  Work. 

Mr.  EuGEXE  N.  Foss  of  Boston,  Mass.,  on  the  Sturtevant  System  of 
Heating,  Ventilating  and  Moistening  Textile  Manufactorif^. 

Mr.  Charles  F.  Tarbell  of  Boston,  Mass.,  on  the  Barnard  System 
of  Steam  Heating  and  Drying. 

Other  speakers  have  been  invited  to  discuss  the  above  topics. 

The  papers  to  be  read  will  be  printed  in  advance  of  the  meeting,  and  a 
copy  of  either  supplied  to  any  member  who  shall  apply  for  it  to  the  sec- 
retary. 

By  vote  of  the  board  of  government, 

AMBROSE  EASTMAN, 

Secretary, 


PROCEEDINGS. 


Pursuant  to  the  foregoing  notice,  the  stated  annual  meet- 
ing of  the  New  England  Cotton  Manufacturers'  Associa- 
tion was  held  at  the  Massachusetts  Institute  of  Technology, 
Boston,  on  Wednesday,  April  24,  1889,  at  10  o'clock  a.m. 

In  the  absence  of  the  president,  Vice-President  Parker 
occupied  the  chair,  and  called  the  meeting  to  order. 

The  secretary  read  the  call  for  the  meeting. 

On  motion,  it  was  voted  that  a  committ^^e  of  five  be  ap- 
pointed by  the  chair  to  nominate  ofl[icers  for  the  ensuing  year. 
The  chaiiTiian  ai)pointed  the  following  as  such  committ<je : 
William  S.  Whitney  of  Fall  River;  Jeremiah  Clark  of 
Lowell ;  Franklin  Nourse  of  Saco,  Maine  ;  John  H.  Higgins 
of  Slatersville,  R.  I. ;  and  Herbert  Fisher  of  Taunton. 

The  rei)()ii;s  of  the  secretary,  the  treasurer  and  the  auditor 
were  then  read,  and,  by  vote  of  the  Association,  were  accepted 
and  ordered  to  be  placed  on  til<>. 

The  secretary  read  the  names  of  persons  nominated  for  mem- 
])ership,  who  were  recommended  l)y  the  ])oard  of  government 
for  election.     The  list  is  as  follows  :  — 

Messrs.  Aktiiuk  II.  Gullivek,       .  Grosvenor  Dale,  Conn. 

Frank  Harris,         .         .  Woonsocket,  R.  I. 

Walter  B.  Knight,  .  Bozrahville,  Conn. 

CiiAKLES  II.  Richardson,  .  Lowell,  Mass. 

Samuel  J,  Thompson,       .  Valatie,  N.  Y. 

Henry  M.  Wilcox,  .         .  Millbury,  Mass. 

They  were  unanimously  elected. 


i    ;!ir    fn] low'mjr   list 


!  ::i  Mi'AuTiirii. 
:   '    \r-  S.  S.   SrKN'CKii, 
-.    !i".  SMriii. 


}w  ~ 


!  li  V  ln'  authorized  to 

i.      T\\i\  IkiIIoI  wiis  cast 

'  ■«  l:iri';l  tlio  ollicers  above 

'  '  ■--  ill  oiilcr  upon  tlie  pro- 
'•\    Air.  W.  8.  Kklley  of 

4  1 

"I      I-'l.r/TKO-MOTIVK    POWKK 


,iV|i:irMli<.M   of  this  paper,   rare  has 
.   l.M  iMiicril  terms  as  possil»le  ;    so  that, 
5  •■;'  \\i-\\\  till-  1r«*atinent  is  exeee(lin«rly 
As   i    pii^ii-eil,   if  thi'Vi'    are    any   persons   who 
..;.' -fi.ii-  ripdii  special  points,  I  wisli  tht.'V 
.!■.  •:!  ilu*  <upit'-^  whieh  they  have,  and  pre- 
***r^r  the  reading:  i.>  eourhKhvl.     It  is  a  sul)jeet  not 
''•vstood.  and  I  wi>Ii  t(^  make  it  as  clear  as  pos- 


t  r 


.-..  ..•:}  thcT]  rcarl  hi-j  jiaprr.  iUustrating  it  l)y  reference 

■i-   hiri:e   dinuvjuiis   Inmir   upon  the  wall,  and  by  an 

*"<•  niott)r  at.r:i<!ie«l  !o  a  shaft  in  such  a  manner  as  to  com- 

hHk  fund  ions  *»!'  a  motor  and  dynamometer,  —  this  ai)pli- 

ii  of  eleelrir  mntor^  havinir  been  designed  by  Mr.  Kelley 

*liccinl  referent-c  to  mill  work. 


APPUCATIO>'  OF  ELB[TB>MOnVE  POWER 

TO  vni  WOBK. 


BtW.   S.   KELLET.  I>j 


Tbe  tmL*niii^^Ti«:>Q.  A&i  •ii?mbatioo  of  power  is  one  of  the* 
cLxef  proMeoK  ezi9.zin^  the  sttentioa  of  the  mechanical  and 
mill  en^riiKer ;  an«i.  a?  the  object  sought  in  the  use  of  electricity 
in  flower  •^rriii^  b  to  provide  a  more  safe,  satisfiurtoiy  and 
economical  s«'jIation  of  the  problem,  a  consideration  of  electro- 
motive power,  in  its  more  general  aspects,  may  not  be  out  of 
place,  to  preface  in  a  measore  the  consideration  of  special  ap- 
plications, which  it  is  the  object  of  this  paper  to  bring  to  the 
attention  of  the  members  of  this  Association. 

Strictly  .spieaking.  the  transmission  and  distribution  of  power 
cannot  in  all  cases  be  disassociated  entirely,  so  as  to  be  consid- 
ered  a[jart.  There  may  be  transmission  without  distribution, 
as  when  power  is  carried  a  considerable  distance,  and  expended 
as  a  single  unit ;  but  distribution  without  transmission  is  im- 
possible, for  each  unit  into  which  the  power  is  subdivided 
must  l)e  transmitted  to  the  point  where  expended.  As,  in  the 
interest  of  clearness,  a  distinction  is  desirable,  transmission 
will  be  employed  in  its  restricted  meaning,  and  all  local  trans- 
mission included  in  distribution. 

Under  the  conditions  which  obtain  in  textile  manufacturing, 
and  the  limitations  of  heretofore  known  methods  of  transmis- 
sion, it  has  not  been  Jargely  employed ;  although,  when  there 
are  many  buildings  distributed  over  several  acres  of  ground, 
obtaining  power  from  a  central  source,  transmission  becomes 
an  important  item.     It  will  play  a  more  important  part  in  man- 
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ufacturing  operations  as  electrical  transmission  becomes  better 
known. 

Electrical  power  transmission,  and  electro-motive  power,  are 
terms  of  comparatively  recent  origin ;  and,  with  their  intro- 
duction, it  is  desirable  to  indicate  as  clearly  as  possible  just 
what  they  signify. 

Electricity  is  not  as  yet  a  primal  source  of  energy.  There 
has  not  yet  been  discovered  any  free  source  of  electricity ;  as, 
in  the  case  of  heat  stored  in  coal,  gravity  in  falling  water, 
energy  of  motion  in  air,  etc.,  it  is  a  created  form,  in  the  same 
sense  as  steam. 

If  we  want  to  use  it,  we  must  make  it  by  the  expenditure  of 
power  obtained  from  some  other  source ;  and  the  cost  of  this 
source,  less  the  greater  economy  obtained  by  employing  it  in 
this  form,  is  the  cost  of  electro-motive  power. 

Power  recovered  from  gravity  by  a  water-wheel,  or  from 
heat  by  an  engine,  appears  as  the  energy  of  motion ;  it  is  only 
portable  over  a  limited  area  by  mechanical  means.  Power  in 
the  form  of  electric  energy  is  easily  portable,  —  is  in  its  most 
portable  form ;  and  energy  of  motion  is  transformed  into  elec- 
tric energy,  simply  to  carry  it  to  some  other  point,  where  it 
can  be  expended  more  economically  or  under  more  favorable 
conditions. 

Electricity,  as  employed  in  power  service,  is  simply  an  agent 
of  transmission  and  distribution,  —  a  convenient,  tractable,  yet 
powerful  means  of  carrying  and  distributing  energy  of  motion. 
Electrical  transmission,  then,  is  simply  the  employment  of 
electricity  to  transmit  power  from  the  point  where  best  ob- 
tained  to  the  point  where  best  expended. 

Electro-motive  power  is  the  energy  of  motion,  recovered 
from  electric  energy  by  the  electric  motor.  The  only  signifi- 
cance of  the  term  is  to  show  that  electricity  was  the  agent  of 
transmission ;  the  power  recovered  does  not  differ  in  quality 
from  the  initial  power ;  from  beginning  to  end  of  the  system  it 
is  the  same,  but  appears  at  different  points  under  different 
forms  :  first,  as  energy  of  motion  ;  second,  as  electric  energy  ; 
third,  as  energy  of  motion  again. 
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Let  me  repeat/ electricity  is  not  primal  energy,  but  a  derived 
form,  —  one  more  convenient  for  transmitting  and  distributing 
power  obtained,  from  whatever  source.  Respecting  &r  trans- 
mission, it  may  be  said  that  the  transmission  of  large  units  of 
power  considerable  distances  is  no  longer  a  vbionary  scheme, 
but  an  accomplished  fact,  a  practical  and  conunercial  success ; 
not  in  one  instance  only,  but  in  numbers  of  them,  in  this 
country  and  abroad. 

A  practical  demonstration  of  the  possibilities  of  electrical 
power  transmission  is  found  in  the  experiments  of  Deprez, 
in  1882,  between  Munich  and  Meisbach,  a  distance  of  thirty- 
seven  miles,  in  which  a  metallic  circuit  of  seventy-four  miles 
was  employed ;  and  between  Paris  and  Creil,  in  1885,  a  dis- 
tance of  thirty-four  miles,  employing  a  metallic  circuit  of 
sixty-eight  miles.  Switzerland  furnishes  several  conmdercial 
examples,  in  one  of  which*  fifty  horse-power  is  being  trans- 
mitted five  miles,  with  an  efficiency  of  seventy  per  cent. 
One  of  the  most  notable  examples  of  far  transmission  was 
installed  by  the  Sprague  Company  on  the  Feather  River  in 
Califoniia,  in  which  fouiteen  motors  were  operated  at  difierent 
points  for  mining  operations  in  the  river  bed,  on  a  circuit  of 
eighteen  miles. 

In  the  city  of  Boston  is  to  be  found  an  excellent  example 
of  power  transmission  in  the  four  hundred  horse-power  devel- 
oped by  electric  motors  scattered  all  over  the  city,  and  sup- 
plied from  the  Edison  incandescent  station  at  Head  Place. 
Every  electric  street  railway  is  an  illustration  of  the  fiir  trans- 
mission of  power;  and  these  are  being  installed  so  rapidly 
that  they  will  soon  cease  to  be  novelties.  One  of  the  very 
first  was  the  Portrush  Electric  Railway  in  Ireland,  having  its 
extreme  end  five  and  one-half  miles  fi'om  the  power  station, 
the  power  being  develc^ed  by  two  Yankee  turbines. 

There  is  no  more  occasion  for  a  manufacturer  to  become  an 
electrician  to  decide  upon  any  case  of  electrical  transmission 
than  that  ho  should  become  a  hydraulic  engineer  to  put  in  water 
power.  There  is  no  occasion  to  be  sceptical,  or  to  speculate 
as  to  what  can  be  done  in  any  given  case;  for  responsible 
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companies  stand  ready  to  tell  you  just  what  can  be  accom- 
plished under  any  given  conditions,  and,  if  feasible,  to  esti- 
mate cost  and  guarantee  results. 

There  are  two  ways  in  which  the  ability  to  economically 
transmit  power  by  electricity  for  several  miles  will  be  of  vast 
importance  and  utility  to  manufacturing  interests  in  New 
England :  first,  by  allowing  mills  already  in  operation  to 
re-enforce  their  power  by  some  unimproved  water  privilege 
in  the  vicinity ;  and  second,  by  rendering  the  location  of 
new  mills  entirely  independent  of  the  power  plant. 

Upon  the  water  power  of  New  England  was  the  prosperity  of 
her  industries  founded.  Electrical  power  transmission  will  give 
them  a  new  impetus,  for  it  will  make  more  wat^r  power 
available,  thus  rendering  it  more  than  ever  a  successful  com- 
petitor of  steam.  Water  power  is  portable  only  in  a  very 
limited  sense,  and  then  only  at  the  expense  of  a  very  heavy 
capital  outlay  for  canals ;  their  care  and  maintenance  is  also  no 
inconsiderable  item.  The  location  of  such  canals  is  not  a  matter 
of  choice ;  and  their  location,  determined  by  land  level  and 
cluinicter,  has  fixed  the  location  of  the  mills.  Except  for  the 
single  <iucstion  of  power,  the  location  might  be  exceedingly 
undesirable  ;  ft  might  be  unhealthy  ;  it  might  necessitate  great 
expense  for  substructures  ;  it  might  be  inconvenient  for  freights, 
necessitating  an  always  present  expense  for  tinicking.  All  these 
adverse  conditions  may  be,  and  have  been,  encountered  in  the 
same  instance  ;  but  there  was  no  alternative.  The  power  (jues- 
tion  was  paramount  to  everything  else  ;  the  mill  must  be  placed 
where  the  power  was,  and  the  enterprise  loaded  with  all  the 
adverse  conditions,  or  the  power  could  not  be  made  available. 

In  the  close  competition  of  the  present  day,  such  encum- 
brances to  any  location  are  almost  prohibitive ;  they  would 
preclude  the  construction  of  the  water-power  system  of  Lowell, 
and  possibly  of  Manchester  and  Lawrence.  In  electrical  trans- 
mission we  have  a  means  of  using  the  power,  and  avoid- 
ing the  drawbacks  incident  to  its  locality.  Formerly  it  was, 
take  it  with  all  adverse  conditions,  or  leave  it ;  now  we  can 
take  the  power  and  leave  the  conditions. 
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strictly,  are  coupled  the  vastly  superior  facilities  afforded  by 
electricity  over  other  methods,  in  the  distribution  and  econom- 
ical use  of  power,  as  developed  later  in  treating  of  a  special 
application,  some  idea  can  be  formed  of  the  tremendous  influ- 
ence which  such  a  system  is  bound  to  exert  upon  all  classes 
of  manufacturing  industry. 

With  present  methods,  it  is  immaterial  whether  our  initial 
power  is  the  energy  of  motion  from  an  engine  or  water-wheel ; 
one  is  confined  in  using  it  to  the  point  where  developed,  or 
to  a  fixed,  rigid  system  of  distribution,  losing  rapidly  in  effi- 
ciency as  the  system  is  extended.  With  electrical  transmis- 
sion, on  the  other  hand,  one  has  simply  to  lengthen  or  multiply 
conductors,  to  carr}*^  the  power  to  a  distant  point  or  to  as 
many  points  as  desired,  without  loss  of  efficiency.  Given 
one  hundred  horse-power  of  electrical  energy,  and  it  can  be 
carried  one  hundred  feet  or  one  thousand  feet,  expended  at 
one  point  or  at  a  hundred  different  points,  grouped  together 
or  widely  separated,  without  loss  of  efficiency ;  thus  showing, 
in  its  ability  to  satisfy  all  conditions  of  power  transmission, 
subdivision  and  distribution,  a  flexibility  and  economy  which 
no  other  system  can  hope  to  approach. 

Some  eminent  authorities  hold  that  no  system  of  trans- 
mitted energy  can  be  made  commercially  successful,  unless 
the  cost  of  the  power  at  the  far  end  shall  be  less  than  would 
have  to  be  paid  for  its  production  there,  by  the  most  available 
means.  This,  on  the  face  of  it,  seems  exceedingly  plausible, 
to  almost  have  the  force  of  an  axiom ;  but  it  will  bear  inspec- 
tion, for  it  ignores  subdivision  and  distribution.  If  we  restrict 
the  system  to  transmission  simply,  and  for  a  moderate  power, 
to  be  employed  in  one  or  two  units  at  the  far  end, —  leaving 
distribution  out  of  the  question  entirely,  —  the  statement  will 
be  substantially  correct.  But,  under  the  conditions  which 
obtain  in  mill  work,  —  a  large  aggregate  power  distributed 
over  a  considerable  area  in  many  small  units,  —  the  state- 
ment is  no  longer  correct;  for  the  flexibility  of  the  system 
as  developed  in  this  paper,  and  the  special  advantages  which 
inhere  of  convenience,  economy  of  power,   of  operation,  of 
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maintenance,  etc.,  which  no  mechanical  system  of  distribution 
can  hope  to  equal,  will  in  themselves  offset  a  considerably 
greater  initial  cost.  This  is  a  principle  well  understood  and 
appreciated  in  cotton  manufacturing ;  it  justifies  gi*eater  initial 
cost  of  machinery  that  will  save  operating  expenses,  and  the 
expenditure  of  fifteen  hundred  dollars  to  two  thousand  dollars 
to  dispense  with  a  laborer. 

With  the  means  of  transmission  heretofore  available,  the 
conditions  which  govern  the  expenditure  of  power  in  textile 
manufacturing  has  made  the  transmission  of  any  considerable 
amount  of  power  more  than  a  few  hundred  feet  impracticable. 
The  location  of  the  power  determined  the  location  of  the  mill ; 
and,  with  established  plants,  interest  will  centre  largely  in  the 
application  of  electricity  to  the  distribution  of  power.  It  here 
comes  into  direct  competition  with  the  complex  mechanical 
methods  included  under  the  general  term  gearing,  comprising 
shafts,  couplings,  pulleys,  belts,  ropes  and  gears  for  straight 
transmission,  and  bevel  gears,  quarter-turn  belts,  etc.,  for 
angular  transmission. 

It  is  here,  in  the  remarkable  facilities  afforded  for  the  sub- 
division and  distribution  of  power,  that  its  great  advantage  in 
])Ower  service  is  most  apparent ;  and,  when  coupled  with  far 
transmission,  its  advantages  are  so  manifest  that  it  is  rapidly 
superseding  other  methods.  They  may  be  efficient  under  cer- 
tain conditions  for  transmission ;  but,  where  it  becomes  neces- 
sary to  subdivide  the  power  and  distribute  it  in  innumerable 
small  units,  they  utterly  fail ;  recourse  must  be  bid  to  the 
mechanical  means  just  mentioned,  at  the  point  where  subdivis- 
ion becomes  necessary.  Hydraulic,  pneumatic  and  steam  trans- 
mission can  be  subdivided  to  a  limited  extent,  but  at  great 
expense  and  loss  of  efficiency,  —  so  great,  that,  when  electricity 
is  available,  they  are  now  almost  out  of  the  question. 

They  lose  efficiency  rapidly  by  subdivision  and  by  every 
angle  turned ;  the  pipes  necessary  are  cumbersome,  must  be 
given  a  fixed  position,  and  allowed  to  remain  undisturbed. 
They  are  constantly  in  need  of  attention  and  repairs,  and  are 
influenced  injuriously  by  changes  of  temperature.     With  elec- 
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tricity  this  is  all  changed ;  subdivision  of  conductors  involyea^ 
no  loss  of  efficiency,  and  but  slight  expense ;  they  can  be  taken^ 
round  comers  with  equal  fi&cility*  as  in  a  straight  line ;  the  con^ 
ductors  are  small  and  flexible,  and  may  be  changed  to  other 
positions  without  detriment  to  themselves  or  the  service  while 
transmitting  their  maximum  power;  there  is  nothing  to  ex- 
plode, break  or  give  way,  and  extremes  of  temperature  have 
no  effect.     Its  special  adaptability  to  the  subdivision  and  dis- 
tribution of  power  will  go  a  great  way  toward  making  far 
transmission  an  object,  wherever  natural  sources  of  power  are 
available.     To  what  extent  it  will  supersede  the  present  mechan- 
ical methods  for  simply  distributing  power,  when  the  fieu^ry 
contains  the  power  plant,  the  conditions  which  govern  any  par- 
ticular line  of  manufacturing  in  any  locality  must  determine ; 
depending  largely  upon  the  aggregate  power,  and  the  units  into 
which  it  is  subdivided. 

Although  shafting  has  been  displaced  entirely  in*  a  number 
of  factories  and  workshops  here  and  abroad,  and  a  motor  em- 
ployed  to  drive  each  individual  machine,  the  policy  cannot  be 
generally  considered  advisable  under  present  conditions ;  par- 
ticularly where  the  machinery  is  so  compactly  placed,  and 
represents  so  small  units  of  power  as  in  cotton  mills.  The 
capital  outlay  required  in  such  a  case  is  yet  a  serious  considera- 
tion. Each  motor  would  take  some  room  ;  a  small  motor  would 
need  as  much  care  as  a  large  one,  and  be  much  less  efficient  as 
a  converter  of  energy.  The  advantages  of  electrical  distribu- 
tion are  obvious,  and,  up  to  a  certain  point,  unquestioned; 
but,  like  everything  else,  it  has  its  limiting  conditions;  and 
these  are  such,  that,  in  cotton  mills,  light  shafting  for  distrib- 
uting electro-motive  units  to  individual  machines  is,  to  a  certain 
extent,  a  desirable  auxiliary.  Exact  relations  will  be  consid- 
ered later,  in  a  particular  case. 

Essential  Parts  of  the  System. 

The  essentials  of  any  system  of  electrical  transmission  are : 
(a)  some  source  of  power,  as  water-wheel  or  engine;  (6) 
a  dynamo  for  converting  the  energy  of  mechanical  motion 
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into  electric  energy ;  (c)  a  conductor  (usually  a  copper  wire), 
which  shall  form  a  complete  metallic  circuit  between  the  two 
terminals  of  the  dynamo,  to  provide  a  path  for  the  electricity 
to  traverse ;  and  (d)  a  motor  introduced  into  this  circuit,  to 
reconvert  the  electric  energy  passing  through  it  into  mechanical 
motion. 

Strictly  speaking,  the  current  of  electricity,  so  called,  is  not 
directly  the  product  of  the  dynamo,  but  a  result  of  its  action. 
In  the  production  of  electro-motive  power,  the  dynamo  per- 
forms precisely  the  same  office  that  is  performed  by  the  sun  in 
the  production  of  water  power.  The  sun  raises  part  of  a  body 
of  water  to  a  higher  level ;  offer  it  a  free  path  back  again,  and 
the  water  rushes  down,  turning  water-wheels  in  its  descent. 

The  dynamo  creates  a  difference  of  potential  (difference  of 
level)  pressure,  between  two  points,  —  terminals;  provide  a 
metallic  conductor,  —  a  path  between  the  two  points,  —  and 
the  electricity  rushes  from  the  higher  to  the  lower  point,  from 
the  +  to  the  —  pole.  Allow  this  current  of  electricity  to  flow 
tiirough  a  motor,  and  it  will  turn  it,  —  mechanical  motion  is 
Tecovered. 

To  carry  the  parallel  still  farther :  Where  there  is  a  small 
stream  with  high  head,  one  can  use  the  whole  volume  of  water 
in  one  wheel ;  farther  down  the  same  water  can  be  made  to  turn 
another  wheel,  and  so  on,  till  the  whole  fall  of  the  stream  is 
utilized.  With  an  electric  current  of  high  potential,  the  whole 
of  it  goes  through  a  motor,  coming  out  with  reduced  potential 
(at  a  lower  level)  ;  the  next  motor  reduces  it  still  farther,  and  so 
on,  till  the  whole  potential  is  utilized^  This  is  the  <<  constant- 
current '^  method,  obtaining  electro-motive  power,  employed 
on  the  high-tension  or  <<arc  circuit,"  and  necessitates  a  me- 
chanical governor  on  the  motor.  Again,  where  there  is  a  large 
volume  of  water,  a  canal  is  dug  parallel  to  the  stream ;  at  various 
points  water  is  allowed  to  flow  from  the  canal  into  the  river 
through  a  water-wheel ;  all  the  wheels  operate  under  the  same 
head  of  water,  but  only  a  portion  of  the  whole  volume  goes 
through  each  wheel.  With  the  <<  constant-potential "  method 
of  employing  electro-motive  power,  there  is  a  large  volume  of 
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electricity  of  low  potential  (head)  ;  motors  are  placed  at  inter- 
vals on  span  wires,  between  a  wire  representing  the  leyel  of  ' 
the  canal,  and  another  the  level  of  the  river ;  each  motor  uses 
but  a  portion  of  the  electricity,  but  all  operate  under  the  same 
potential.  With  this  method  of  using  electricity,  which  im 
that  employed  by  the  Sprague  Company,  perfectly  automatic 
regulation  is  possible,  without  mechanical  means.  The  advan- 
tage in  using  a  stream  of  electricity  instead  of  a  stream  of 
water,  is,  that  we  can  have  our  fall  anywhere  we  choose,  and 
as  much  or  little  fall  as  we  choose. 

The  electric  motor  is  not,  as  is  popularly  supposed,  a  nuushine 
of  recent  invention.  Both  dynamo  and  motor  are  the  perfected 
results  of  seventy  years  of  scientific  research,  of  experiment 
and  invention.  The  genesis  of  the  electric  motor  is  found  in 
the  experiment  of  the  Danish  scientist,  Oersted,  in  1819,  by 
which  he  demonstrated  the  relation  between  electricity  and 
magnetism,  and  showed  for  the  first  time  that  energy  in  the 
form  of  electricity  could  be  converted  into  energy  in  the  form 
of  mechanical  motion.  It  was  but  a  short  step  to  the  discovery 
of  the  electro-magnet,  one  quickly  taken,  and  the  door  swung 
open  upon  the  era  of  electricity  at  work,  —  the  one  in  which 
we  live. 

The  enormous  attractive  force  exerted  by  an  electro-magnet 
upon  soft  iron  operated  with  scarcely  less  efiect  upon  inventors ; 
and,  between  1830  and  1860,  the  number  of  motors  invented 
for  converting  this  force  into  motive  power  was  legion.  Among 
the  best  known  of  the  early  inventors  may  be  mentioned  Henry, 
Davenport  and  Page,  in  this  country;  Jacobi,  in  Russia; 
Sturgeon  and  Little,  in  England ;  and  Davidson,  in  Scotland. 
In  1834  Jacobi  constructed  a  motor  which  propelled  a  boat  on 
the  Neva,  containing  fourteen  persons,  at  the  rate  of  three 
miles  an  hour.  Professor  Page  invented  an  electric  engine 
which  attracted  wide-spread  attention.  Assisted  by  an  appro- 
priation of  thirty  thousand  dollars  by  Congress,  he  constructed 
an  electric  locomotive  in  1851,  which  actually  hauled  a  train  of 
cars  from  Washington  to  Bladensburg,  a  distance  of  five  miles, 
at  the  rate  of  nineteen  miles  an  hour.     But,  as  batteries  were 
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cumbersome,  of  great  annoyance,  and  as  a  source  of  power 
fifty  times  as  expensive  as  steam,  commercial  success  was  an 
impossible  attainment  for  these  early  inventors.  It  was  only 
after  the  discovery  of  the  dynamic  principle  almost  simulta- 
neously by  Siemens,  Wheatstone,  Hjorth  and  Varley,  in  1867, 
that  electro-motive  power  or  electrical  power  transmission  be- 
came  commercially  possible. 

The  principles  which  govern  the  action  of  dynamo  and  motor 
are  identically  the  same.  The  converse  of  the  principle  which 
converts  energy  of  motion  into  electric  energy,  allows,  when 
the  operation  is  reversed,  of  converting  electric  energy  into 
mechanical  motion ;  although,  owing  to  the  different  conditions 
under  which  djniamos  and  motors  operate,  various  differences 
in  design  and  details  of  construction  have  been  found  desirable. 
Generally  speaking,  any  continuous-current  dynamo  can  be 
used  as  a  motor,  and  any  motor  as  a  generator  of  electricity. 

Industrial  necessities,  rather  than  scieptific  discoveries,  de- 
termine the  actual  progress  in  the  application  of  now  principles 
to  practical  results.  Thus,  although  the  vital  principle  of 
electro-mechanics,  —  reversibility,  the  ability  of  a  dynamo  to 
convert  power  applied  to  it  into  electricity,  or  electricity  ap- 
plied to  it  into  power,  —  the  realization  of  which  implies  the 
electrical  transmission  of  power,  was  enunciated  by  Dr.  Paci- 
notti  of  Pisa  in  1860,  and  accepted  by  most  scientists,  it  was 
not  actually  demonstrated  by  practical  use  until  employed  in 
an  exigency,  as  a  possible  way  out  of  a  tight  place,  at  the 
Vienna  Exposition  in  1873. 

In  one  exhibit  were  two  Gramme  dynamos,  which  were  to  be 
used  to  illustrate  this  very  principle  of  reversibility  ;  one  was 
to  be  driven  by  power  to  produce  electricity ;  the  other  was 
to  be  used  as  a  motor  for  running  a  pump,  the  current  being 
obtained  from  a  primary  or  storage  battery,  both  of  which  had 
been  provided.  The  Exposition  was  to  be  formally  opened 
by  the  Emperor  at  ten  o'clock  a.m.,  on  the  third  day  of  June. 
The  sun  set  on  the  second,  and  Monsieur  Fontaine,  who  had 
the  exhibition  in  charge,  failed  to  get  the  motor  into  action, 
from  either  the  primary  or  storage  battery.     He  says  :  **  This 


28 

was  a  great  disappointment,  especially  as  it  prevented  my 
showing  the  reversibility  of  the  Gramme  dynamo.  It  puzzled 
me  the  whole  of  the  evening  and  ensuing  night,  to  find  a 
means  to  accomplish  my  object ;  and  it  was  only  on  the  morn- 
ing of  the  third  day  of  June,  a  few  hours  before  the  exhibi- 
tion was  to  be  opened,  that  the  idea  struck  me  to  work  the 
small  machine  by  a  derived  circuit  from  the  large  one.** 

The  second  machine  started  off  as  by  magic,  driving  the 
pump  at  such  a  rate  as  to  throw  the  water  way  beyond  the 
reservoir.  To  overcome  this,  he  reduced  the  current  by  intro- 
ducing a  considerable  length  of  cable.  "The  total  length  of 
cable  in  circuit,"  he  continues,  *'was  over  two  kilometers 
(three  miles),  and  this  great  length  gave  me  the  idea,  that, 
by  means  of  two  Gramme  machines,  it  would  be  possible  to 
transmit  mechanical  energy  over  long  distances." 

It  required  a  decade  to  popularize  this  idea  sufficiently  to 
secure  its  commercial  employment ;  but  it  resulted  in  placing 
a  new  and  powerful  lever  in  the  hands  of  modem  engineering, 
with  which  to  lift  the  industries  of  the  world  onto  a  plane 
of  greater  productiveness.  Electrical  power  transmission, 
and  consequently  heavy  electrical  engineering,  date  from 
Monsieur  Fontaine's  experiment.  Although  the  electric  motor 
was  of  much  older  origin,  it  may  be  said  that  this  event  first 
made  possible  its  industrial  success.  Time  was  required  for 
the  perfection  of  mechanical  details,  and  even  up  to  the  time 
of  the  electrical  exhibition  in  Paris,  in  1881,  dynamos  and 
motors  bore  rather  the  character  of  scientific  apparatus  than 
substantial  mechanical  appliances.  The  principles  of  their 
operation  were,  however,  well  established  ;  and  later  improve- 
ments have  been  mainly  improved  design,  better  and  more 
substantial  mechanical  constiniction ;  so  that  to-day,  as  con- 
verters of  energy,  it  is  hard  to  conceive  of  anything  more 
perfect  or  more  simple,  both  in  principle  and  construction. 

Electricity  is  not  produced  by  fidction  in  a  djrnamo,  nor  is 
power  obtained  from  an  electric  motor  by  reason  of  the  attrac- 
tion of  a  magnet  for  iron. 

The  principle  governing  the  action  of  both  is  the  reciprocal 
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influence  manifested  between  magnetism  and  electricity  under 
certain  mechanical  conditions.*   Revolve  a  conductor  in  the 
field  (space  between  the  poles)  of  a  magnet,  and  electricity  is 
produced  in  the  conductor ;  place  a  conductor,  through  which 
a  current  of  electricity  is  passing,  in  the  field  of  a  magnet,* 
and  the  conductor  will  revolve.     The  essentials  for  obtaining 
these  results  are :  the  electro-magnets,  which  are  usually  sta- 
tionary ;  the  armature  placed  so  as  to  revolve  between  the  poles 
of  the  magnets ;  and  the  commutator  and  brushes,  the  office  of 
these  being  twofold, — to  transfer  electricity  from  the  coils  of 
wire  revolving  with  the  armature,  and  to  produce  a  continuous 
flow  of  electricity  (current)  in  one  direction  in  the  outside 
circuit.     What  could  be  more  simple  than  the  construction 
which  this  principle  allows?    Take,  for  example,  a  loop   of 
wire  bent  in  the  form  of  a  rectangle,  supported  by  a  spindle 
along  its  longest  axis,  between  the  poles  of  a  permanent  mag- 
net ;  bring  the  ends  of  the  wire  directly  to  and  along  opposite 
sides  of  a  small  wooden  cylinder  on  the  spindle,  and  support 
strips   of   copper  against  opposite    sides    of   this    cylinder. 
^Rotate  the  spindle,  and,  as  the  loop  of  wire  cuts  through  the 
magnetism  emanating  from   the   poles   of  the   magnet,  elec- 
t;ricity  will  be  developed  in  the  wire ;  connect  the  two  strips 
of  copper  bearing  against  the  cylinder  with  a  wire,  and  a  cur- 
rent of  electricity  will  flow  through  it,  —  this  is  a  generator. 

With  the  spindle  at  rest,  allow  a  current  of  electricity  to 
flow  through  the  loop  of  wire ;  the  spindle  inunediately  begins 
to  rotate,  —  this  is  a  motor. 

Substitute  for  the  permanent  magnet  powerful  electro-mag- 
nets, multiply  the  number  of  loops  of  wire  along  the  spindle, 
and,  according  to  size,  relation  of  parts  and  character  of  con- 
struction, the  machine  will  represent  ten,  fifty  or  one  hundred 
horse-power,  as  the  case  may  be.  [Parts  of  motor  shown  by 
diagram  a] 

No  machine  has  ever  been  invented,  nor  does  it  require  a 
prophet  to  predict  that  none  ever  will  be,  capable  of  creating 
energy.  To  obtain  something  from  nothing  mechanically  is  an 
impossibility,  a  nevor-to-be-hoped-for  attainment.     But  energy 
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of  one  sort  can  be  transformed  into  energy  of  another  sort ; 
into  a  kind  available  for  use  as  motive  power.  This  is  the 
office  of  all  prime  movers.  To  get  electro-motive  power » the 
motor  must  be  fed  with  electricity,  which  represents  power 
from  some  other  source ;  to  get  the  electricity,  one  must  ex- 
pend power  to  drive  a  dynamo ;  whether  it  be  power  devel- 
oped by  an  engine,  a  water-wheel,  or  a  windmill,  is  hnmaterial. 

Power  is  energy  harnessed  for  work,  and,  under  the  same 
conditions  of  direction  and  regulation,  is  the  same,  and  can  be 
used  with  like  effect,  whether  the  impelling  force  is  wind, 
water,  steam  or  electricity. 

Electro-motive  power  yields  to  no  other  form  in  availability ; 
in  direction  it  is  rotary,  and  its  resnilation  can  be  made  as 
«»r  perfe*  „  i,  the  Z,  with  „y  priLe  mov.r.  Exoept  ft. 
two  bearings  of  the  armature  spindle,  —  there  being  no  other 
part  in  motion,  —  the  only  point  for  wear  in  a  motor  is  between 
the  commutator  and  brushes. 

With  these,  improvement  in  material  and  in  methods  of 
manufacture  is  rapidly  bringing  them  to  such  a  state  of  per- 
fection that  the  wear  will  be  entirely  uniform  and  hardly 
appreciable.  This  attained,  the  electric  motor  will  require 
mlmost  no  attention,  will  be  mechanically  almost  indestructi- 
T>le,  and  in  all  respects  prove  an  ideal  prime  mover. 

Compared  with  a  steam  engine,  their  efficiency  — t.  e.,  the 
ratio  of  useful  effect  delivered  by  pulley — is  about  as  5  to  1. 

A  25  horse-power  Sprague  automatic  motor  will  convert  95 
per  cent,  of  the  energy  of  the  electric  current  led  into  it  into 
useful  effect ;  while  18  per  cent,  of  the  heat  energy  of  steam 
converted  into  useful  effect  is  a  good  performance  for  a  steam 
engine. 

With  the  exception  of  the  smaller  machines,  all  first-class 
dynamos  and  motors  have  an  efficiency  of  90  per  cent,  and 
over.  Eighty-seven  and  a  half  per  cent,  of  the  power  applied 
to  dynamo  has  actually  been  developed  by  a  motor  for  work 
when  transmitting  50  horse-power.  Eighty-five  per  cent,  may 
b^  looked  for  in  practice  with  the  best  types  of  machines,  where 
the  motor  units  are  not  less  than  25  horse-power.    The  loss 
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here  stated  is  the  combined  Iom  of  tlie  dooble  oonveTsion  by 
djnamo  and  motor,  with  the  two  machines  side  by  side ;  when 
Mparated  by  placing  the  motor  on  a  different  floor,  in  a 
different  building,  or  a  mile  distant,  the  loss  in  transmission 
over  the  circuit  from  d\'namo  to  motor  and  back  most  be 
added.  This  may  be  anywhere  from  5  per  cent,  to  15  per  cent, 
or  more,  as  we  choose  to  make  it.  For  instance,  100  horse- 
power developed  by  a  water-wheel  is  to  be  transmitted  one 
mile :  13  per  cent,  b  allowed  for  the  doable  conversion  by 
dynamo  and  motors ;  with  5  per  cent,  lost  in  transmission,  80 
per  cent.,  or  80  horse-power,  wiU  be  recovered  at  the  fieur  end 
for  work ;  with  15  per  cent,  lost  in  transnussion,  only  70  per 
per  cent.,  or  70  horse-power,  wiU  be  recovered.  Will  the  extra 
ex][)ense  for  copper  necessary  to  reduce  this  loss  to  £  per  cent, 
be  warranted  by  the  10  horse-power  gained? 

With  a  tension  of  about  500  volts,  the  cost  of  copper  for 
a  loss  of  5  per  cent,  would  be  about  )5,000 ;  for  a  loss  of  15 
per  cent.,  about  $1,700 ;  difference,  $3,300,  or  the  value  of  10 
horse-power,  for  a  little  over  three  years,  at  a  rental  of  $100 
per  annum,  neglecting  interest.  This  question  is  one  that  will 
be  determined  largely  by  value  of  power,  and  whether  there  is 
an  abundance  or  scarcity  at  the  source.  Another  factor  is  the 
additional  cost  of  dynamos  for  power  lost ;  smaller  per  cent, 
loss  means  smaller  dynamo  equipment.  The  passage  of  a  cur- 
rent of  electricity  along  a  conductor  is  at  the  expense  of  friction, 
depending  upon  tension  and  size  of  conductor ;  this  firiction  is 
manifest  as  heat,  and  the  heat  developed  in  the  conductor  is 
proportional  to  the  power  lost  in  transmission.  Aside  from  its 
representing  loss  of  power,  the  heat  also  reduces  the  conduc- 
tivity of  the  wire.  For  ordinary  distances,  7  per  cent,  to  10 
per  cent,  affords  a  satisfactory  and  economical  service.  Care- 
fully insulated  copper  wire  is  usually  employed  as  conductor, 
as  it  combines  conductivity,  cheapness  and  strength  in  a  greater 
degree  than  any  other. 

In  practice  it  is  seldom  found  desirable  to  use  a  wire  larger 
than  No.  ^^^ ;  this  is  .46  inch  diameter  Brown  &  Sbarpe  gauge. 
The  power  that  such  a  wire  will  transmit  depends  on  the  dis- 
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tanco,  the  potential,  and  the  loss  allowed.  With  a  potential  of 
500  volts  and  a  loss  of  7  per  cent.,  this  wire  would  deliver  35 
horse-power  about  5,000  feet  distant;  half  that  power,  10,000 
feet.  Allowing  a  loss  of  12  per  cent.,  it  will  deliver  nearly  63 
horse-power  5,000  feet  distant.  This  means  that  a  greater 
power  can  be  forced  over  the  wire  if  a  greater  proportional  loss 
is  allowed.  In  the  first  case,  the  actual  loss  on  the  wire  would 
be  nearly  10  horse-power ;  in  the  second,  more  than  21  horse- 
power. 

Distance  in  electrical  transmission  is  merely  a  relative  term. 
Theoretically,  there  is  no  limit  to  the  distance  ;  practically  and 
commercially,  it  is  limited  by  two  factors  having  a  mutually 
inverse  relation  to  each  other,  —  the  electrical  tension  or 
potential,  and  the  cost  of  copper. 

The  weight  and  consequently  the  cost  of  copper  conductors 
varies  inversely  as  the  square  of  the  potential.  Hence,  if  the 
weight  of  copper  necessary  to  transmit  500  horse-power  one 
mile,  at  a  potential  of  500  volts,  with  a  given  per  cent,  loss, 
costs  $5,000,  one  could,  by  doubling  the  potential,  employing 
a  current  of  1,000  volts,  reduce  the  weight  of  copper  three- 
fourths,  and  consequently  the  cost  to  $2,500.  In  any  given 
case,  to  double  the  power  transmitted,  other  conditions  remain- 
ing the  same,  means  an  equal  additional  investment  for  copper. 

If  the  weight  of  copper  per  horse-power  is  fixed  at  which 
electrical  transmission  will  be  commercially  successful,  with  a 
given  loss  in  transmission,  the  distance  over  which  the  power 
can  be  transmitted  will  vary  directly  as  the  potential ;  there- 
fore, if  it  is  feasible  to  transmit  power  5  miles  economically 
under  500  volts  pressure,  the  same  power  can  be  carried  10 
miles  without  increasing  the  cost  for  copper,  by  doubling  the 
potential,  making  it  1,000  volts,  or  20  miles,  by  making  it 
2,000  volts. 

But,  to  double  the  distance  and  change  no  other  conditions 
would  call  for  four  times  the  weight  of  copper ;  t.  e. ,  for  the 
same  potential,  the  weight  of  copper  to  transmit  a  given 
power  with  a  given  loss  varies  as  the  square  of  the  distance. 

Thus,  with  a  given  potential,  the  cost  of  copper  becomes 


34 

prohibitive  when  a  certain  distance  is  reached;  and  various 
considerations  limit  the  potential  that  may  be  employed,  among 
which  may  be  mentioned  the  difficulty,  electrically  and  mechan- 
ically, of  handling  and  controlling  high  tensions,  and  the 
danger  to  life  and  also  from  fire,  from  imperfect  insulation. 
So  far  as  present  knowledge  goes,  the  wire  suffers  no  deterio- 
ration in  power  transmission  ;  once  in  place,  it  will  never  need 
replacing  by  new.  The  cost  of  erecting  the  line  will  be 
measurably  proportional  to  the  distance,  and,  within  certain 
limits,  to  the  power  of  the  line  with  any  given  tension  ;  whether 
overhead  or  underground  conductors  are  used,  is.  a  matter  of 
choice  with  low  potentials.  An  underground  line  will  cost 
from  two  to  three  times  as  much  as  a  pole  line. 

The  cost  of  dynamos  and  motors  in  large  units  is  in  large 
measure  independent  of  distance  and  potential,  varying  as  the 
power  and  loss  in  transmission.  It  is  variously  estimated  from 
$85  to  $100  per  horse-power. 

Application  to  Mill  Work. 
Turning  now  from  the  general  consideration  of  the  princi- 


ples involved  and  the  demonstrable  facts  relating  to  electrica 
transmission,  to   the   point   of   this   paper,  —  some   practica" 
application  of  electro-motive  poyv^er  in  mill  work,  —  the  que 
tion  at  once  encountered  is.  How,  and  in  what  ways,  will  it 
application  to  mill  work  prove  an  industrial  and  commerci 
success?     These  will  be  considered  topically,  as  follows  :  — 

First.     It  will  make  available,  at  points  where  mills  w  HII 
prove  remunerative,  sources  of  power  unsuitably  located  for 
building  or  manufacturing.     This  in  a  general  way  has  been 
quite  fully  treated  already. 

Second.  It  can,  in  addition  to  such  use,  displace  all  mechan- 
ical means  of  tmnsmission  between  engine  or  water-wheel, 
and  the  shafts  which  distribute  power  to  machinery  and  to 
individual  machines  even,  with  the  attendant  advantages  of 
a  flexible  power  system,  and  greater  economy  in  the  expendi- 
ture of  power. 

Third.     It   can  be   made   useful   as   an   auxiliary   portable 
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power  for  local  and  temporary  use,  anywhere  about  the  mill, 
in  doors  or  out. 

Fourth.  It  is  able  to  provide  unexcelled  transpoi*tation 
facilities. 

Second.  —  Flexibility  and  Economy  of  Systems. . 

The  engineering  problem  presented  by  the  conditions  of 
textile  manufacturing  is  to  subdivide  the  power  from  sources 
near  or  remote  into  a  large  number  of  small  units,  and  dis- 
tribute them  for  application  over  a  considerable  area,  on  one 
or  more  floors. 

Once  the  available  power  is  in  the  form  of  electricity,  the 
distribution  is  merely  a  question  —  a  very  simple  one  —  of 
introducing  a  sufficient  number  of  wires  of  the  proper  size.  A 
great  and  immediate  advantage  is  obtained  in  not  having  to 
provide  for  any  mechanical  motion ;  no  force  or  movement  is 
ever  apparent  to  the  eye,  as  with  shafts,  belts,  ropes,  gears, 
etc.  The  conductor  is  clean,  cool,  does  not  move,  and  appears 
entirely  inert.  It  can  be  bent,  moved,  or  shifted  to  another 
place,  w^hile  transmitting  its  maximum  power.  It  can  be 
brought  round  sharp  corners,  and,  having  little  weight,  can 
be  readily  flxed  in  position.  Thus  no  obstacle  is  presented  in 
taking  power  into  rooms  and  places  awkwardly  situated  for 
mechanical  transmission.  There  is  no  noise,  heat,  dirt,  or 
odor,  nor  anything  to  explode  or  give  way.  Properly  insu- 
lated, the  conductor  offers  no  danger  to  person  or  property, 
and  ensures  the  lowest  rates  of  insurance. 

The  same  circuit  that  furnishes  100  horse-power  can  as  con- 
veniently be  tapped  for  1  horse-power.  Whatever  difficulty 
presented,  would  be  in  the  application  of  the  power  units  to 
the  work.  Will  the  conditions  which  obtain  in  cotton-mill 
practice,  which  govern  arrangement  of  machinery,  etc.,  be 
acceptably  fulfilled  in  the  application  of  electro-motive  power? 
To  test  this  question,  plans  of  a  mill  designed  to  be  equipped 
throughout  with  electro-motive  power  were  recently  prepared 
at  the  Lowell  Machine  Shop,  under  my  personal  supervision. 
They  afford  a  most  complete  and  satisfactory  answer  to  this 
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question.  The  organization  of  the  mill  was  for  a  ten-hour 
daily  production  of  7,700  pounds  of  36-inch  cloth,  four  yards 
to  the  pound,  56  picks  per  inch  and  56  threads  per  inch  of 
slcy,  2rs  average  number.     [Plans  shown.] 

The  plans,  as  completed,  show  a  building  284  by  76  feet  out- 
side, four  stories  high,  with  a  two-story  extension  of  34  feet 
for  opening  and  picking  machinery ;  front  and  rear  towers  at 
centre,  the  former  for  entrance  and  stairways,  the  latter  for 
elevator,  sinks,  water-closets,  etc.  The  first  and  second  floors 
of  rear  tower  afibrd  passage  to  a  two-story  structure,  68  by 
52  feet,  for  slashers,  drawing-in,  cloth  room,  office,  etc. 

The  upper  floor  is  devoted  to  carding,  drawing,  fine  and 
coarse  speeders,  driven  by  six  independent  shafts :  three  for 
carding  and  drawing,  each  131  feet  long;  one  for  coarse 
speeders,  63  feet  long ;  two  for  fine  speeders,  each  70  feet  long. 
The  third  floor  is  occupied  solely  by  the  spinning,  which  is 
driven  by  nine  independent  shafts,  each  70  feet  long. 

The  second  floor  contains  spoolers,  warpers,  slashers,  and 
300  looms ;  no  shafting  except  in  the  extension  for  picking, 
where  six  finishers  are  driven  from  one  shaft  having  a  motor ; 
and  three  breakers,  each  being  driven  by  an  independent 
motor,  which  also  drives  the  opener  on  the  first  floor. 

The  first  floor  contains  396  looms  in  the  main  mill,  with 
cloth  room  and  office  in  the  rear.  In  the  weave  room  are  seven 
independent  shafts,  running  the  length  of  the  mill,  five  of  which 
drive  116  looms,  —  a  double  row  above  and  below,  a  single  row 
being  driven  by  the  outside  lines. 

In  the  cloth  room  is  one  shaft  35  feet  long,  and  a  short  shaft 
for  driving  slashers.  Outside  of  the  picker  room  there  are  but 
three  counter  shafts,  each  8  feet  long,  every  other  shaft  to  be 
independently  driven  by  a  motor  attached  to  it.  The  estimate 
made  by  the  Sprague  Company  for  the  entire  electrical  equip- 
ment,  including  transmission  line  of  21  miles,  was  about 
$75,000.* 

The   combined  estimates  of  responsible   parties  for  entire 

♦  DetaUed  estimates  and  data  coyering  entire  equipment  of  miU  will  he  found  in  an 
article  in  the  December  number  of  the  "  Textile  Manufacturing  World." 
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equipment  of  shafting,  pulleys,  hangers,  belting,  etc.,  amounted 
to  but  $6,860,  this  being  less  than  29  cents  per  spindle  with 
frame  filling.  Outside  of  the  picker  house  there  is  no  shaft 
above  1\^  inches  diameter;  and,  excepting  three  short  counter 
belts  3  inches  wide,  there  is  no  belting  wider  than  2^  inches. 
With  these  exceptions  there  are  no  belts  except  from  shaft  to 
machine. 

It  has  perhaps  been  noted  that  no  floor  space  has  been 
reserved  for  motors.  How  are  they  to  be  placed,  and  how 
connected?  It  would  avail  nothing  for  me  to  urge  upon 
manufacturers  the  equipment  of  their  mills  throughout  with 
electro-motive  power,  if  there  were  no  better  method  available 
than  to  place  the  ordinary  stationary  motor  on  the  floor,  and 
belt  to  a  shaft.  Although  an  occasional  motor  thus  employed 
might  be  used  with  great  advantage,  I  do  not  hesitate  to  affirm 
that  a  complfete  electro-motive  equipment  of  this  character  would 
not  be  satisfactory ;  and  I  would  not  endanger  what  reputa- 
tion I  may  have  in  this  connection  by  advocating  it.  But,  as 
representing  the  Sprague  Electric  Railway  and  Motor  Com- 
pany, as  well  as  in  my  individual  capacity,  I  am  able  to  present 
to  you  to-day  a  method  of  motor  application,  with  entire  con- 
fidence not  only  as  to  the  verdict  of  the  members  of  this 
Association,  but  of  practical  men  in  any  line  of  manufacturing ; 
for  it  is  applicable  wherever  there  is  a  shaft  or  a  machine  to 
drive.  It  fomis  part  of  a  complete  and  comprehensive  system 
for  the  application  of  electro-motive  power,  however  large  the 
aggregate,  that  will  not  only  fulfil  every  requirement  at  present 
imposed,  but  accomplish  much  not  now  possible  with  any 
power  system ;  and,  in  flexibility,  in  compactness,  in  facilities 
afforded  for  control,  for  regulation,  for  economical  operation, 
exceed  all  other  methods  of  power  distril)ution  and  application. 
This  system,  for  the  first  time  publicly  presented  in  this  paper, 
includes  electro-motive  units  of  any  convenient  size ;  direct 
flexible  connection  to  shaft  or  machine ;  each  motor  to  indicate 
the  power  developed  at  any  moment ;  a  continuous  record  of 
each  motor's  service  at  some  central  point ;  and,  though  as  a 
system  forming  a  connected  whole,  any  one  or  any  number  of  its 
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units  can  be  stopped  or  started  without  disturbing  any  other. 
[Experimental  machine  exhibited  in  operation.] 

The  motor  is  suspended  from,  but  not  supported  by,  the 
shaft,  and  is  free  to  swing  to  either  side,  the  centre  of  oscilla- 
tion being  concentric  with  the  centre  of  the  shaft.  Pinions 
on  each  end  of  the  armature  shaft  engage  spur  gears  on  the 
line  shaft.  Normally,  the  motor  hangs  perpendicularly  in  the 
plane  of  the  shaft.  When  power  is  developed,  it  swings  out 
of  the  perpendicular,  the  angle  of  deflection  being  proportional 
to  the  power  developed.  The  absence  of  rigid  connection 
between  the  gears  allows  of  a  very  gentle  start,  and  relieves 
them  of  sudden  strains.  The  power  developed  is  registered 
by  utilizing  the  swing  of  the  motor.  The  advantages  that 
result  will  soon  be  apparent., 

A  system  for  the  mill,  shown  by  plans,  would  include  30 
motors  for  regular  service,  28  on  as  many  independent  lines 
of  shafting,  and  one  for  each  of  two  elevators.  These  motors 
range  from  5  to  35  horse-power,  aggregating  650.  To  exem- 
plify all  the  features  of  electrical  power  transmission,  the  mill 
is  supposed  to  be  situated  upon  a  railroad,  near  where  it 
crosses  a  stream,  half  a  mile  above  a  considerable  fall,  at 
which  600  horse-power  is  available,  and  two  miles  below 
another,  at  which  400  horse-j)ower  is  available.  It  will  \ye 
necessary  to  employ  wheels  capable  of  developing  nearly  900 
horse-power.  Now,  in  this  mill,  what  advantages  are  aflforded 
by  the  proposed  system  of  electro-motive  power  ? 

(a)  That  of  employing  water  power  otherwise  unavailable. 

(6)  That  of  uniting  the  power  from  two  different  points, 
for  expenditure  at  another. 

(c)  That  of  avoiding  cartage  l)y  a  location  on  the  railroad. 

(d)  That  of  choosing  a  favorable  building  spot. 

(e)  That  of  a  decreased  capital  outlay  for  plant  outside  of 
electrical  equipment ;  in  support  of  which  may  be  instanced 
reduced  floor  space,  by  reason  of  no  belt  tower,  nor  space  for 
belts  passing  from  floor  to  floor.  Absence  of  driving  belts 
and  heavy  shafting  allows  a  reduction  in  size,  with  the  simplest 
and  least  expensive  construction.    With  ample  alleys  and  spare 
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floor  to  handle  goods  in  process,  there  is  in  this  case  but  3.8 
square  feet  per  spindle,  all  told.  The  saving  in  capital  outlay 
on  hangers,  shafting,  pulleys  and  belts  is  worth  reckoning. 

if)  That  of  decreased  operating  expenses.  Saving  is 
effected  in  the  care  and  maintenance  of  driving  belts,  belt 
boxes  are  avoided,  fire  risk  reduced,  and  unobstructed  floor 
space  allows  of  a  more  compact  and  convenient  arrangement 
of  machinery,  with  its  attendant  advantages. 

{g)  That  of  a  more  economical  use  of  power.  It  is  a 
peculiarity  of  electrical  transmission,  that  no  power  is  wasted 
by  reason  of  a  motor  being  only  partially  loaded ;  as  the  call 
it  makes  on  the  dynamo,  and  consequently  the  power  trans- 
mitted to  it,  is  in  exact  proportion  to  the  load  it  carries.  It 
works  as  economically  on  partial  as  on  full  load ;  any  lessen- 
ing of  the  load  at  once  relieves  the  dynamo,  and  lessens  the 
duty  of  the  engine  or  water-wheel  driving  it. 

Facts  are  the  best  evidence  on  this  point,  and  the  experience 
of  an  industry  using  electro-motive  power  entirely  will  be 
of  interest  at  this  point.  The  factory  runs  a  12  x  12  Ball 
engine,  belted  direct  to  an  Edison  compound  wound  dynamo, 
of  50,000  watts  capacity  at  220  volts ;  another  driving  wheel 
is  belted  to  a  counter  shaft,  from  which  two  lighting  dynamos 
are  driven.  After  expressing  complete  satisfaction  with  the 
results  obtained,  the  account  (given  at  a  meeting  of  mechani- 
cal and  electrical  engineers  in  New  York,  February  6)  con- 
tinues :  — 

"  The  power  which  would  be  required  to  operate  our  factory 
in  the  usual  way,  by  belting  through  the  floors,  was  estimated 
by  several  engineers,  competent  in  factory  construction,  to 
be  between  30  and  50  horse-power,  without  considering  the 
power  required  for  our  lights,  amounting  to  an  additional  15 
horse-power.  In  other  words,  we  are  delivering  an  estimated 
50  to  70  horse-power,  and  only  developing  15  to  30  horse- 
power, with  an  average  of  but  17  to  18  horse-power,  for  ten 
hours. 

<<  Whence  comes  this  apparent  something  for  nothing?  I 
will  try  and  explain  to  you.     Every  operator  in  our  factory 
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who  has  charge  of  a  machine,  be  it  a  milling  machine  or  a 
drill  press,  a  lathe  or  a  planer,  has  a  certain  and  absolute 
direct  and  instantaneous  control  over  the  automatic  valve  gear 
on  our  engine  in  the  basement,  through  the  medium  of  his 
}>elt  shifter.  VTe  will  suppose  he  is  using  a  milling  machine ; 
the  piece  being  milled  has  finished  its  travel,  and  the  machine 
is  stopped.  A  horse-power  of  duty  has  been  taken  off  the 
motor  driving  that  machine.  Multiply,  if  you  please,  the 
\  horse-power  hours  (supposing  it  to  be  stopped  15  minutes 
each  hour)  by  say  50  machines,  running  under  the  same  aver- 
age conditions,  and  you  have  a  total  of  12^  horse-power  hours 
saved  each  hour.  Add  this  12^  horse-power  to  the  18  horse- 
power, our  average  load,  and  we  begin  to  approach  the  esti- 
mated load  of  our  factory  under  former  conditions  of  practice. 
To  this  we  should  add  about  12  or  15  horse-power,  which 
would  be  necessary  to  drive  a  line  of  heavy  main  belts  through 
the  six  floors  of  our  factory ;  and  we  have  a  gross  result  of  42 
to  50  horse-power." 

The  great  economy  of  this  system  in  the  use  of  power  ia 
seen  where  motors  are  run  from  central  stations  supplying 
light  and  power.  With  100  horse-power  of  engine  capacity 
to  spare  for  power,  neglecting  loss  in  transmission  entirely, 
150  horse-power  can  actually  be  sold  for  recovery  by  small 
motors.  The  reason  is,  that  all  are  not  running  at  the  same 
instant ;  and,  there  being  no  idle  shafting  to  keep  in  motion, 
a  motor  calls  for  no  power  when  not  in  operation. 

Another  reason  for  economy  of  power  over  present  methods 
is,  that,  with  independent  lines  of  shafting,  loss  of  power 
from  poor  alignment  is  reduced ;  and  in  this  system  a  motor 
will  instantly  feed  and  register  any  extra  power  taken  by 
reason  of  friction  in  the  bearings ;  and,  thus  localized,  the 
remedy  is  easily  and  quickly  applied.  Likewise,  any  extra  power 
taken  by  any  machine  on  the  line  can  be  immediately  detected, 
and  the  machine  overhauled.  The  motor  is  a  complete  dyna- 
mometer for  testing  power  taken  by  a  shaft  or  machine  belted 
to  it,  and  the  mechanical  reading  can  at  any  time  be  verified 
by  an  electrical  test.     An  additional  advantage  of  having  each 


41 

8haft  independently  driven,  is,  that  there  need  be  little  idle 
shafting  running.  With  work  ahead  or  machinery  idle  for  any 
other  reason,  the  motor  can  be  stopped,  and  both  power  and 
wear  saved.  But,  better  still,  any  one  or  more  motors  can 
be  run  overtime  for  operating  an  elevator,  running  a  line  of 
cards,  a  slasher,  or  a  section  of  looms  if  getting  behind,  or 
work  done  in  the  repair  shop,  without  running  connected  lines 
all  through  the  mill ;  nothing  in  operation  except  at  dynamo, 
and  where  the  work  is  being  done.  At  all  points  there  is  a 
saving  in  power.  This  means  less  coal  to  buy  and  less  to 
handle  in  a  steam  plant,  and  also  with  water  power,  where  it 
is  hired  or  where  it  gets  short  in  summer. 

The  continuous  record  of  the  power  developed  by  each 
motor  for  which  this  system  provides  makes  it  the  acme  of 
perfection,  in  the  actual  basis  afforded,  for  selling  and  renting 
power  service.  The  seller  is  paid  for  all  the  power  furnished, 
and  the  buyer  gets  the  advantage  of  every  possible  economy 
in  using  it.  The  record  will  show  the  power  actually  deliv- 
ered. Such  records  will  as  certainly  detect  and  locate  in- 
competency as  a  watchman's  clock.  By  consulting  them,  a 
manufacturer  can  most  effectually  oversee  both  overseers  and 
lielp.  Faithfulness  and  ability  will  be  as  impartially  recorded. 
Such  an  exact,  impartial  record,  of  where,  how  and  by  whom 
the  work  is  being  done,  will  lead  to  many  good  results. 

In  the  mill  represented,  the  thirty  dials,  one  representing 
each  motor,  will  be  grouped  on  the  wall  in  the  superintendent's 
office.  A  glance  will  show  at  once  whether  any  particular 
motor  is  stopped  or  running ;  if  stopped,  at  what  time ;  if 
running,  how  much  of  the  load  is  on ;  which  elevator  is 
stopped  or  running ;  whether  orders  for  stopping  or  starting 
certain  machinery  are  promptly  executed ;  and  so  on.  A  little 
consideration  will  make  many  advantages  apparent.  The 
utility  and  economy  of  such  a  system  will  be  inestimable. 

Systematically  inspected,  this  system  of  electro-motive 
power  can  be  maintained  at  a  slight  expense  for  attendance 
and  repairs.  The  motors  can  be  run  for  long  periods  without 
stopping.     It  is  only  a  question  of  keeping  them  clean,  oiling 
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two  bearings,  and  trimming  and  adjusting  the  brushes  occasion- 
ally ;  all  of  which  can  he  done  as  well  with  the  motor  in  oper- 
ation as  with  it  &topi>ed.  Depreciation  of  motors  is  very 
slight ;  a  very  little  expense  will  suffice  to  keep  them  in  condi- 
tion indefinitely,  if  carefully  handled.  Sprague  motors  have 
been  operated  for  years  *  without  a  dollar's  worth  of  repairs 
other  than  a  new  set  of  brushes. 

When  electro-motive  power  is  to  be  substituted  in  an  exist- 
ing plant,  or  employed  in  a  new  establishment,  the  question 
will  arise  as  to  what  extent  shafting  can  be  advantageously 
employed.  What  is  the  golden  mean?  This  is  not  difficult 
to  determine.  The  following  general  considerations  governed 
the  equipment  of  the  mill  considered,  and  will  indicate  the 
point  to  which  electrical  distribution  can^now  be  carried,  with 
undoubted  advantage  in  all  cases.  Where  machinerv  is  scat- 
tered,  it  can  be  carried  even  ferther,  for  the  assumed  condi- 
tion here  is  compactly  placed  machinery'. 

First.  Let  it  displace  every  mechanical  means  for  angular 
transmission.  It  loses  no  efficiency  in  going  round  a  comer; 
mechunical  transmission  does.  Bevel  gears  and  quarter-turn 
lielts  take  room,  are  expensive,  are  unsightly,  require  much 
cafe,  and  wear  out  rapidly ;  a  copper  wire  is  practically  ever- 
lasting, is  inexpensive,  takes  little  room,  is  hardly  noticeable, 
and  requires  no  care. 

Second.  Let  it  displace  mechanical  means  in  any  case 
where  the  question  is  simply  one  of  transmission.  It  requires 
no  hangers,  no  bearings,  no  oiling,  and  never  gets  out  of  line 
in  such  manner  as  to  absorb  more  power. 

Third.  With  rare  exceptions,  let  it  displace  all  counter 
belts.  Once  in  place,  the  conductor  is  there  to  stay ;  never 
breaks,  never  slips,  never  has  to  be  taken  up,  is  always  ready 
to  start,  and  never  loses  its  initial  efficiency. 

Fourth.  Where  individual  machines  require  10  horse- 
I)ower,  or  are  nm  intermittently,  use  a  motor  for  each.  Such 
absorbers  of  power  as  idle  belts  and  shafting  are  thus  avoided. 
It  is  a  peculiarity  of  electrical  transmission,  that  no  power  is 
consumed  l)y,  and  therefore  none  transmitted  to,  motors  that 
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are  idle ;  also,  that  the  actual  efficiency  in  transmission  is 
greater  than  the  theoretical.  The  size  of  any  wire,  and  the 
loss  in  transmission,  is  calculated  for  the  maximum  load. 
This  is  seldom  imposed,  and  partial  load  means  a  greater  pro- 
portional efficiency  in  transmission.  Thus,  if  1  horse-power 
is  the  calculated  loss  in  transmission  with  maximum  load, 
there  will  be  but  \  horse-power  approximately  lost  with  half 
load. 

It  is  not  to  be  supposed  that  any  large  establishment  will  at 
once  substitute  electro-motive  power  in  place  of  present  equip- 
ment ;  but  almost  any  mill  can  make  a  beginning  with  no  little 
advantage  ;  for  it  can  be  made  to  displace  another  by  degrees, 
at  an  expense  for  only  the  amount  of  power  installed  at  the 
time. 

Take,  for  instance,  a  water-wheel  inconveniently  located,  — 
and  I  am  knowing  to  several  such  in  different  mills,  —  requir- 
ing a  complication  of  shafts,  gears  and  belts  for  transmission  ; 
discard  these,  belt  to  a  dynamo  placed  alongside,  then  lead 
the  current  to  the  most  inaccessible  and  most  inconveniently 
located  places  in  the  yard  where  power  is  required,  with  a  gain 
of  half  as  much  again  in  available  power. 

Once  the  power  is  converted  into  electricity,  it  can  go  any- 
where with  equal  facility.  Make  a  beginning  by  employing 
electro-motive  power  in  places  that  require  a  long  transmission, 
and  in  top  stories.  Applied  to  mules,  it  would  not  fail  to  effect 
a  great  economy  of  power. 

Without  doubt,  any  large  corporation  could  effect  a  saving 
of  at  least  twenty-five  per  cent,  in  the  power  developed,  by 
substituting  electro-motive  power.  The  better  one  becomes 
acquainted  with  the  possibilities  of  electro-motive  power,  — 
not  what  may  perhaps  be  possible  in  the  future,  but  what  is 
possible  to-day,  what  responsible  companies  will  contract  to 
do  and  guarantee,  —  the  stronger  becomes  the  conviction  that 
it  is  bound  to  displace  other  methods  in  power  transmission. 


44 


Holatluff  Crane  operated  by  Spraffue  Motor. 
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would  be  inappreciable.     In  the   case   of  grades,   the  extra 
power  is  only  taken  while  mounting  the  grade. 

In  the  case  of  mill  tramways,  the  Sprague  Company  is  pre- 
pared to  contract  for  the  equipment  all  in  place  ready  for 
operation,  or  simply  to  furnish  the  electrical  equipment,  and 
allow  purchaser  to  erect  line,  build  the  cars  and  attach  motors, 
subject  to  supei*vision  of  expert  furnished ;  the  work  to  be 
guaranteed  in  either  case. 

Srispension  System. 

In  some  cases  there  are  serious  objections  or  obstructions  to 
the  construction  of  a  surface  tramway,  and  in  some  cases  tran- 
sit is  desired  between  elevated  points.  To  meet  such  con- 
ditions, the  Sprague  Company  has  obtained  control  of  the 
simplest  form  of  electric  elevated  road  known,  and  is  prepared 
to  give  estimates  for,  and  to  construct,  such  a  line  under 
guaranty  as  to  performance. 

This  system  consists  of  two  stationary  steel  cables,  suspended 
one  about  eight  feet  above  the  other,  supported  on  a  line  of 
posts  of  either  wood  or  metal,  placed,  according  to  load  and 
size  of  cable,  fifty  to  one  hundred  and  fifty  feet  apart,  and  at 
such  an  elevation  from  the  ground  as  not  to  interfere  with 
surface  traffic.      The   cables  are  firmly  held   in   position  by 
terminal   and   intermediate   anchorages,  and   by   brackets   at 
the  posts.     They  can  be  of  suitable  size  to  carry  a  gross  weight 
of  from  five  thousand  to  six  thousand  pounds  per  car.     The 
cables  can  be  made  practically  indestructible  by  applying  a 
fixed  steel  covering  or  shoe,  which  takes  all  the  wear  and  affords 
the  wheels  a  perfectly  smooth  surface  to  run  on.     This  econ- 
omizes power,  lessens  running  expenses,  increases  traction,  and 
adds  strength  to  the  cables.     The  cars  run  on  wheels  resting 
on  the  two  cables,  the  upper  carrying  most  of  the  weight.    The 
electric  current,  furnishing  the  motor  with  power,  passes  from 
the  upper  cable  to  the  lower  through  the  motor  geared  to  the 
upper  wheels.     The  cars  can  be  propelled  forward  or  back- 
ward, or  stopped  at  any  point  desired.    The  cars  can  be  of  any 
pattern,  dimensions  or  material  required  for  the  service.    They 
can  "be  run  at  any  speed  up  to  twenty  miles  an  hour. 
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This  system  is  simple  and  entirely  practical ;  it  is  economical 
to  operate  and  maintain ;  it  is  clean,  smokeless,  cinderless  and 
comparatively  noiseless ;  it  is  above  snow,  floods  and  mad  ;  it 
avoids  dust,  landslides  and  grade  crossings ;  it  is  free  from  the 
danger  of  surface  collisions  ;  it  requires  no  filling,  ditching  or 
fencing ;  in  crossing  ravines,  streams  or  marshes,  no  bridge  is 
required ;  and  the  service  is  not  impeded  by  rain,  snow  or  ice. 

Its  perfect  adaptation  to  mill  traffic  is  such  that  its  use  in 
many  localities  would  cause  a  large  reduction  in  working  ex- 
penses. Its  value  is  of  the  first  importance  to  manufacturers 
whose  success  is  in  saving.  It  will  prove  a  good  investment 
wherever  the  traffic  will  keep  it  in  operation  half  the  time,  and 
in  some  cases  with  less. 

Freight  Handling  and  Storage. 

With  both  surface  and  suspension  methods  for  accommodating 
traffic,  I  am  able  to  present  a  more  complete  and  comprehen- 
sive system  for  the  storage,  handling  and  delivery  of  freight 
for  manufacturing  corporations  located  near  a  railroad  than 
has  been  available  heretofore,  —  one  that  will  meet  all  require- 
ments of  traffic  and  local  conditions.  It  combines  maximum 
convenience,  facilities  and  service  at  minimum  cost,  and  in- 
cludes (a)  the  storage  of  all  freight  —  coal,  stock,  supplies  and 
goods  —  at  the  point  of  delivery,  and  shipment  on  the  railroad ; 
(b)  the  erection  of  a  storehouse  at  the  end  of  a  spur  from  the 
railroad  track,  with  separate  fire-proof  sections  for  coal,  cotton 
and  goods,  an  elevator  in  each  section,  that  for  coal  being 
automatic  in  its  action,  elevating  coal  and  loading  cars  without 
shovelling ;  (c)  a  railroad  track,  and  tram  line  from  mill  running 
the  length  of  the  storehouse  in  such  manner  that  elevators 
can  receive  goods  from  or  deliver  to  cars  on  either  track ;  {d) 
the  delivery  of  coal  from  storehouse  to  boilers  as  used ;  (e)  the 
delivery  of  cotton  to  picker  house  as  used ;  {f)  the  delivery  of 
goods  from  cloth  room  to  and  storage  at  storehouse,  and  per- 
haps, to  meet  certain  conditions,  the  location  of  cloth  room 
there ;  (</)  the  use  of  electro-motive  power  for  tram  line, 
elevators  and  any  other  machinery  employed. 
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In  the  construction  of  such  a  storehouse,  a  sufficient  variety 
in  designs  would  be  available  to  satisfactorily  meet  all  condi- 
tions. [Three  shown  by  diagrams.]  The  tracks  could  be 
on  the  same  or  different  levels,  either  surface  or  suspension 
tram  line,  as  best  suited  the  particular  case.  The  same  line 
might  be  made  to  accommodate  other  local  traffic  in  the  mill 
yard,  as  the  carriage  of  cloth  from  weave  rooms  to  cloth  room. 
Such  a  system  would  handle  the  entire  traffic  of  a  large  corpo- 
ration with  an  incredibly  small  force,  and  with  an  expenditure 
for  power  that  would  be  hardly  appreciable.  A  coal  train 
with  one  motor  truck  and  a  couple  of  platform  or  box  cars 
equipped  with  motors,  and  three  men,  could  easily  transport 
one  hundred  tons  in  seven  hours-  over  half  a  mile  of  track, 
leaving  the  dynamos  free  for  lighting  night  and  morning. 
With  a  level  track,  there  ought  not  to  be  an  average  expendi- 
ture of  over  five  horse-power. 

Without  further  elaboration,  these  applications  of  electro- 
motive power  are  laid  before  this  Association  as  worthy  the 
serious  consideration  of  its  members,  many  of  whom  are 
already  preparing  to  test  them  in  practical  operation. 

The  universality  which  characterizes  the  possible  applica- 
tions of  electro-motive  power  in  industrial  affairs  is  yet  hardly 
appreciated,  even  by  those  who  are  best  acquainted  with  the 
superior  convenience  and  economy  which  it  offers.  Some 
idea  of  its  universal  field,  of  the  undoubted  economy  with 
which  it  can  displace  existing  methods,  as  well  as  occupy 
fields  they  cannot  enter,  will  doubtless  have  been  gained  from 
what  has  been  advanced  in  this  paper. 

The  applications  considered  are  available  now  for  any  who 
desire  to  make  use  of  them.  Under  any  given  conditions, 
the  Sprague  Electric  Railway  and  Motor  Company  is  pre- 
pared to  say  what  can  be  accomplished,  to  estimate  cost  and 
guarantee  its  work.  It  is  confident  that  manufacturers  will 
find  great  advantage  in  making  such  applications,  and  that 
a  careful  examination  of  the  merits  of  the  systems  it  offers 
can  have  but  one  result,  —  business  for  it,  profit  to  both. 
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The  President,     The  paper  is  before  you  for  discussion. 

A  Member.  Arc  the  cars  to  which  you  refer  different  from 
those  used  on  the  railroad  ordinarily  ? 

Mr.  Kelley.  With  the  same  gauge  of  track,  any  cars  may 
be  used.  With  a  narrow-gauge  track,  standard-gauge  cars 
may  be  hauled  by  laying  a  third  rail  to  make  the  wide  gauge 
with  the  outer  rail  of  the  narrow  gauge,  as  is  done  in  some 
cases.  K  you  had  occasion  to  haul  ordinary  freight  cars  over 
a  tramway  where  motor  cars  were  used,  one  of  the  motor  cars 
could  bo  used  as  a  locomotive  by  loading  it  sufficiently  to  get 
the  necessary  traction. 

A  Member.  In  running  the  mill  referred  to  on  page  36, 
how  many  men  would  be  required  to  tend  the  motors  ? 

Mr.  Kelley.     Possibly,  two   men ;   I  should  think  morci 
likely,  but  one ;  two  at  the  outside  would  take  all  the  care  of 
the  motors  that  is  necessary.     They  would  have  to  be  looked 
at,  say,  twice  a  day,  to  see  that  the  bearings  are  kept  oiled, 
and  that  the  brushes  are  in  condition  and  properly  set. 

A  Member.  Would  those  two  men  have  to  be  present  to 
start  those  different  motors  ? 

Mr.  Kelley.  No,  sir.  You  simply  turn  a  lever  to  start 
them.  That  could  be  done  by  the  overseer,  or  by  a  section 
hand. 

A  Member.  Do  they  have  to  adjust  the  bnishes  on  the 
commutators  for  a  change  in  the  load  ? 

Mr.  Kelley.  No,  sir.  The  brushes  do  not  require  chang- 
ing for  variation  in  load. 

The  President.  How  is  the  quantity  of  power  developed 
ascertained  in  any  case  ? 

Mr.  Kjelley.  It  can  be  tested  electrically  to  get  the  amount 
of  current.  The  mechanical  indication  of  power  made  possible 
with  this  motor  depends  upon  the  angle  it  makes  with  a  per- 
pendicular through  the  shaft,  when  running  with  any  given 
load.  At  rest,  it  hangs  perpendicularly  under  the  shaft ;  when 
started,  it  swings  out  until  a  point  is  reached  where  it  balances 
the  load ;  there  it  remains  until  the  load  is  changed.  The 
heavier  the  load,  the  farther  it  will  swing.     A  finger  carried 
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by  the  motor  traverses  a  graduated  scale,  and  indicates  the 
horse-power  developed  at  any  point.  A  swing  of  six  inches 
we  will  assume  indicates  two  horse-power;  ten  inches,  five 
hoi*se-power,  etc.,  the  distance  per  horse-power  depending  on 
the  size  of  the  motor. 

Mr.  Woodbury.  I  would  like  to  inquire  if  electric  motors 
have  been  applied  to  calico-printing  machines  in  this  country  ? 

Mr.  Kelley.  I  don't  know ;  but  they  can  be  applied  to 
any  machines. 

A  Member.  Is  it  practicable  to  store  any  amount  of  elec- 
trical power?  We  run  our  mills  ten  hours,  for  instance,  and 
when  we  shut  down  there  is  loss  of  power  fi'om  the  waste  of 
water.  If  it  were  practicable  to  store  electricity,  we  should 
get  power  enough  to  run  additional  machinery. 

Mr.  Kelley.  That  may  become  possible,  and  many  elec- 
tricians are  working  to  attain  that  end ;  but  for  any  consider- 
able equipment  I  don't  think  it  is  practicable  at  this  time,  but 
I  think  it  is  quite  probable  that  this  point  will  be  reached. 

Mr.  Shaw.  Can  you  iiin  that  machine  at  any  speed  you 
wish? 

Mr.  Kelley.  They  can  be  made  so  as  to  do  that,  but  this 
is  regulated  to  run  at  a  given  speed. 

A  Member.  How  much  would  it  cost  per  mile  to  transmit 
one  horse-power  ? 

Mr.  Kelley.  That  is  a  question  impossible  to  answer  in  a 
general  way.  The  equipment  of  the  lino  varies  much  with  the 
distance  and  the  tension  used.  The  motors  and  dynamos  for 
a  largo  equipment  entire  would  probably  cost  eighty-five  dol- 
lars to  one  hundred  dollars  per  horse-power,  for  motors  and 
dynamos  both  ;  but  the  line  would  be  an  additional  expense. 

A  Member.     I  refer  to  the  line. 

Mr.  Kelley.  It  will  depend  on  the  distance,  the  potential 
used,  and  the  loss  allowed  in  transmission.  With  the  distance 
fixed,  the  other  two  and  consequently  the  cost  can  be  varied 
greatly  to  suit  difierent  conditions.  If  the  price  per  horse- 
power for  copper  conductors  is  fixed  at  which  any  case  of 
transmission  will  be  commercially  successful,  the  distance  can 
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be  varied  (for  the  same  expense)  by  varying  the  potential. 
Again,  the  power  transmitted  over  any  given  wire  can  be 
varied  one  hundred  per  cent,  by  varying  the  loss  in  transmis- 
sion. A  wire  that  will  transmit  thirty  horse-power  one  mile, 
allowing  seven  per  cent,  loss,  will  transmit  sixty  horse-power 
if  twelve  per  cent,  loss  is  allowed. 

Mr.  Shaw.  Can  you  use  this  motor  for  driving  an  elevator? 
Is  there  reversible  motion  ? 

Mr.  Kelley.  It  can  be  applied  so  as  to  run  in  either  direc- 
tion, as  in  operating  street  cars,  by  turning  a  switch. 

Mr.  Shaw.  You  can  run  an  elevator,  then,  without  any 
belts  ? 

Mr.  Kelley.     Yes,  sir. 

A  Member.  Can  you  state  what  the  approximate  cost  would 
be  to  take  one  hundred  horse-power  down  a  stream  three  miles, 
where  the  dam  and  the  wheel  are  in  ? 

Mr.  Kelley.  I  should  not  want  to  give  it  off-hand.  The 
cost  depends  so  much  upon  assumed  conditions  that  general 
estimates  are  often  misleading.  A  very  little  difference  in  the 
distance,  the  potential  used  and  the  loss  in  transmission  would 
vary  the  result, nmd  these  must  be  settled  for  each  particular 
case.  An  estimate  in  one  case  is  no  guide  to  go  by  in  another. 
In  the  case  of  the  mill  I  mentioned,  for  six  hundred  and  fifty 
horse-power,  with  a  transmission  of  two  and  a  half  miles,  the 
whole  cost,  including  motors  and  line,  was  seventy-five  thou- 
sand dollars. 

A  Memhek.  Have  you  any  practical  illustration  which  you 
can  give  as  to  economy  in  the  use  of  the  electric  system?  Can 
you  give  us  the  cost  per  horse-power  in  any  case? 

Mr.  Kelley.  I  can  give  no  better  illustration  than  the  one 
cited  in  tlie  paper  where  motors  were  used.  I  cannot  give  the 
cost  for  one  on  any  extended  scale,  but  I  shall  be  very  glad  to 
furnish  figures  for  any  particular  case  that  may  be  presented 
to  me. 

A  Member.  I  am  situated  like  a  great  many  other  mill 
owners,  and  I  would  like  to  get  some  information  on  this 
point.     I  have  mills  located  so  that  I  have  spare  power  above 
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and  below  on  the  stream ;  I  think  I  have  five  hundred  horse- 
power five  or  six  miles  above,  which  I  should  like  to  bring 
down  and  utilize  at  the  main  mill.  What  I  would  like  to  know 
is,  how  much  it  would  probably  cost  to  transmit  one  hundred 
horse-power,  say,  from  different  points,  one,  two,  three  or  five 
miles,  to  a  mill.  If  Mr.  Kelley  would  make  such  figures,  and 
give  them  to  our  secretary,  and  he  will  distribute  them,  we 
shall  be  greatly  obliged. 

Mr.  Kelley.  I  should  be  pleased  to  do  that.  There  is  one 
point  in  this  connection  worth  mentioning,  and  that  is,  that  you 
can  transmit  five  hundred  horse-power  at  a  less  proportional 
cost  than  you  can  one  hundred  horse-power.  I  will  prepare 
an  approximate  estimate  of  the  cost  of  transmitting  one  hun- 
dred horse-power  one,  two  and  three  miles. 

A  Member.     Say  for  eight  miles. 

Mr.  Kelley.  I  would  not  at  present  advise  the  trans- 
mission of  large  powers  farther  tlian  five  or  six  miles,  under 
ordinary  conditions,  because  you  have  to  use  too  high  a  poten- 
tial, or  else  lose  too  much  power. 

A  Member.  You  instanced  a  case  in  which  it  was  trans- 
mitted eighteen  miles. 

Mr.  Kelley.  In  that  case,  at  Big  Bend  on  the  Feather 
River,  they  were  willing  to  lose  much  power  on  the  circuit, 
and  motors  were  stationed  all  aFong  the  line,  which  is  very 
different  from  a  straight-away  transmission  for  that  distance. 
You  can  do  it,  but  you  will  have  to  employ  a  high  potential, 
or  use  a  large  amount  of  copper  wire,  or  else  lose  immensely 
in  the  power  transmitted.  It  is  hardly  desirable,  in  an  eco- 
nomical point  of  view,  to  do  so  at  this  time. 

A  Member.  Is  it  practicable  to  have  intennediate  stations, 
to  go  to  one  point,  and  then  start  over  again  ? 

Mr.  Kelley.  It  can  be  done,  but  I  don't  think  anything 
can  be  gained  by  it.  I  notice  a  gentleman  present  who  has  a 
veiy  complete  equipment  for  employing  electro-motive  power 
at  his  mill.  He  has  at  one  place  three  wheels  geared  to  a  jack- 
shaft,  and  a  coupling  between  the  first  and  second,  so  that  he 
can  disconnect  one  from  the  others.     From  a  pulley  next  to  the 
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first  wheel  a  l^elt  drives  a  clutch  pulley  on  a  short  counter ; 
from  this  a  dynamo  is  belted.  With  the  mill  running,  all  that 
is  necessary  to  start  a  motor  anywhere  in  the  yard,  or  put  on 
the  lights,  is  to  throw  in  the  clutch  and  start  the  dynamo.  If  he 
wishes  to  run  the  repair  shop  or  an  elevator  in  the  store-house 
when  the  mill  is  stopped,  it  is  only  necessary  to  uncouple  the 
jack-shaft  and  start  the  one  water-wheel.  He  can  thus  use  a  motor 
anywhere  without  running  idle  shafting  anywhere  about  the  mill. 

A  Member,  Is  the  system  at  Big  Bend  on  the  Feather 
River  in  operation  at  this  time  ? 

Mr.  ICelley,     It  was  discontinued. 

A  Member.     Why  ? 

Mr,  ICelley.  Because  the  gold  did  not  pay  to  get  it  out. 
There  was  plenty  of  gold  there,  ])ut  there  were  too  many  bowlders 
to  remove  to  get  at  it.     Electrically,  there  was  no  difficulty. 

Mr.  Jeremiah  Clark.  I  would  like  to  say  a  word  in  i*efer- 
ence  to  this  subject.  So  far  as  my  observation  goes,  the  arc 
light  cuiTont  can  be  used  satisfactorily  for  twenty  miles.  For 
the  past  six  months  I  have  l)ccn  using  tliis  current  with  a 
Baxter  motor  of  ten  horse-power  applied  to  my  machine  shop 
and  two  elevators  in  my  machinery  warehouses,  each  elevator 
having  a  cai)acity  of  live  thousand  pounds.  I  would  have 
preferred  the  incandescent  current,  as  it  is  less  dangerous,  but 
found  it  impracticable  on  account  of  expense,  excepting  for 
short  distances.  The  copper  wire  necessary  for  the  incandescent 
current  to  my  place  would  have  cost  al)out  two  thousand 
dollars  ;  while,  by  adopting  the  arc  light  current,  the  common 
wire,  such  as  used  for  arc  lights,  was  all  that  was  required  for 
my  purposes.  The  arc  light  current,  being  more  powerful,  has 
to  be  handled  with  gi'cater  care ;  and  I  have  post<3d  a  notice  as 
a  precaution,  also  placed  a  railing  around  the  motor  and  ap- 
pointed one  man  to  look  after  it.  I  have  used.it  for  six 
months  with  very  good  results;  it  has  given  me  no  trouble, 
and  has  worked  satisfactorily.  Since  I  have  had  that  put  in, 
three  other  parties  have  put  in  the  same  amount  of  power  each, 
using  the  same  kind  of  motor  and  cuiTcnt.  I  was  in  Great 
Falls,  N,  H.,  a  short  time  since,  and  found  at  the  falls,  below 
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the  large  mills,  considerable  water-power  to  spare  ;  there  being 
only  a  small  woollen  mill  at  this  lower  fall.  The  Thomson- 
Houston  Company  were  putting  in  two  water-wheels  to  utilize 
the  spare  water  and  furnish  power  for  their  system,  which  they 
intend  to  use  for  lighting  and  power,  carrying  it  to  the  village 
of  Great  Falls,  Dover,  Exeter  and  other  places  about  there, 
using  the  arc  current  for  long  distances. 

Mr,  C.  J.  H.  Woodbury.  The  speaker  has  devoted  a  great 
deal  of  attention  to  showing  particular  plans  for  the  distribu- 
tion of  power  by  electricity ;  and  it  should  be  understood  that 
electricity  has  been  successfiilly  applied  in  many  instances 
for  the  distribution  of  power  in  a  manufactory,  although  I  do 
not  recall  but  one  building  where  it  is  used  entirely,  to  the 
exclusion  of  other  methods.  That  is  in  Newark,  N.  J.,  in  an 
establishment  engaged  in  manufacturing  electrical  apparatus, 
where  the  power  is  distributed  by  means  of  wires  contained 
in  a  brick  flue  outside  the  building,  which  carries  also  the 
steam  and  water  pipes.  The  motors  are  not  swung  on  a  yoke 
in  the  manner  represented  here,  but  fastened  to  the  floor,  or 
to  shelves  projecting  from  the  wall.  I  have  for  many  years 
suggested,  to  mills  where  electricity  is  used  for  lighting,  that 
they  should  put  a  motor  at  the  elevator  in  the  store-house, 
believing  that  would  be  a  cheaper  way  of  handling  the  goods, 
as  it  would  not  require  independent  boilers  or  long  lines  of 
shafting  connections,  or  wire  ropes,  as  is  now  necessary,  as 
the  power  would  be  applied  at  the  spot  where  it  is  wanted. 

Mr.  Kelley.  In  reply  to  a  question  asked  me  before,  I 
will  say  that,  if  the  gentleman  will  turn  to  page  33  of 
my  paper,  he  will  find  this  :  "  If  the  weight  of  copper  neces- 
sary to  transmit  five  hundred  horse-power  one  mile,  at  a  poten- 
tial of  five  hundred  volts,  with  a  given  per  cent,  loss,  costs 
five  thousand  dollars,  one  could,  by  doubling  the  potential, 
employing  a  current  of  one  thousand  volts,  reduce  the  weight 
of  copper  three-fourths,  and  consequently  the  cost  to  twenty- 
five  hundred  dollars."  Of  course,  one  hundred  horse-power 
transmitted  one  mile  at  either  potential  given  would  be  one- 
fifth  the  cost  stated ;  for  two  miles,  multiply  the  cost  for  one 
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mile  by  four.  To  erect  poles  and  string  the  wires  one  mile 
for  one  hundred  horse-power  would  cost  two  hundred  and  fifty 
dollars.  Add  fifty  dollars  for  every  additional  hundred  horse- 
power. For  dynamos  and  motors,  add  one  hundred  dollars 
per  horse-power.  From  this,  some  idea  will  be  obtained  of 
the  items  of  cost  in  any  case  of  electrical  transmission;  viz., 
copper  wire,  erecting  line,  dynamos  and  motors.  With  a 
potential  of  one  thousand  volts,  the  cost  of  wire  will  equal 
the  cost  of  dvnamos  and  motors  in  a  transmission  of  four 
miles,  when  the  loss  is  ten  per  cent.  When  the  loss  is  fifteen 
per  cent.,  the  two  items  will  about  equalize  at  five  miles. 

The  President.  The  next  paper  is  by  Mr.  Eugene  N. 
Foss  of  Boston,  and  is  upon  the  *'  Sturtevant  System  of  Heat- 
ing, Ventilating  and  Moistening  Textile  Manufactories." 


THE  STURTEVANT  SYSTEM  OF  HEATING,  VENTILATING 
AND  MOISTENING  TEXTILE  MANUFACTORIES. 


By  EUGENE  N.  FOSS,  Boston,  Mass. 


Heretofore,  the  methods  of  heating,  ventihiting  and  moisten- 
ing mills  have,  of  necessity,  been  treated  independently.  The 
fact  that  they  are  interdependent,  and  that  the  complete  success 
of  any  one  is  directly  dependent  upon  the  other  two,  has  been 
entirely  overlooked.  The  heating  of  textile  mills,  like  other 
manufactories,  has  resolved  itself  into  simply  stringing  over- 
head or  about  the  sides  of  the  building,  as  the  case  may  be,  a 
given  number  of  feet  of  pipe  calculated  by  thumb  rule.  The 
ventilation  has  been  allowed  to  take  care  of  itself,  no  provision 
being  made  therefor  by  the.  architect,  while  the  heating  engi- 
neer does  not  consider  that  this  matter  comes  within  his 
province.  Mill  men,  in  common  with  other  manufacturers, 
have  given  little  or  no  attention  to  the  subject  of  ventilation. 
The  little  that  has  been  done  in  this  direction  has  been  from  a 
humanitarian  stand-point,  and  with  no  thought  of  any  mone- 
tary return. 

The  regulation  of  the  humidity  by  means  of  moistening 
devices  has  usually  been  treated  as  entirely  distinct  from,  and 
independent  of,  either  the  system  of  heating  or  ventilating. 
The  perfect  system  of  regulating  the  humidity  depends  for  its 
success  upon  the  equal  distribution  of  moisture  throughout  the 
mill ;  and  it  is  evident  that  this  can  only  be  attained  through  a 
perfect  ventilating  system.  Likewise,  the  success  of  the  heat- 
ing system  is  co-incident  with  that  of  the  ventilating ;  neither 
can  be  brought  to  a  perfect  condition  without  the  complete 
adaptation  of  the  one  to  the  other.  Only  by  the  merging  of 
these  previously  independent  systems  of  heating,  ventilating 

Note.—^e  arc  indebted  to  Mr.  W.  E.  Parker,  agent  of  the  Pacific  Mills,  and  Mr.  F. 
P.  Sheldon,  architect;  and  to  Mr.  A.  B.  Sanford,  treasurer,  Mr.  John  A.  San  ford,  super- 
intendent, and  Mr.  Wm.  T.  Henry,  architect,  of  the  Globe  Yam  Mills,  —  for  information 
furnished  in  connection  with  this  paper. 
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and  moLstening  into  one  harmonious  whole  can  the  desired 
results  be  secured.  In  bringing  about  these  results,  nothing  is 
more  apparent  than  the  absolute  necessity  of  a  positive  circula- 
tion of  the  air.  in  order  to  secure  ample  ventilation  and  a 
thorough  di?tribution  of  heat  and  moisture.  For  these  results, 
—  and  that  is  what  we  are  all  looking  after, — positive  or  me- 
chanical means  must  l>e  employed,  and  the  fim  adopted  as  the 
accepted  agent  for  impelling  air. 

It  is  not  the  object  of  this  i>aper  to  discuss  at  length  the 
general  subjects  of  heating,  ventilating  and  moistening,  but  to 
de^cril>e  the  Sturtevant  svstem,  and  show  wherein  it  combines 
in  one  system  the  three  conditions  which  must  be  provided  for 
in  ever\'  modem  textile  mill.  Briefly  stated,  the  Sturtevant, 
or  blower  system,  as  it  is  sometimes  called,  contemplates  mass- 
ing of  the  steam  ])]|>e  in  coils  located  in  the  basement  or  at 
some  other  convenient  point,  and  taking  from  out  of  doors 
the  fresh  air  to  l>e  heated,  and  passing  it,  by  means  of  a  fan  or 
blower,  across  or  through  the  heating  coils,  and  then  distribut- 
inir  it  about  the  building  through  ducts  built  into  the  walls,  or 
through  metal  pipes  provided  for  the  puipose.  Thus  the 
necessaiy  supply  of  pure  air,  niised  to  the  proper  temperature, 
is  eon>tantly  furnished  to  the  occupants  of  the  building.  The 
humidity  of  the  air  is  iwrfectly  regulated  by  the  introduction 
of  a  spniy  of  steam  or  water  into  the  main  duct,  directly  at  the 
mouth  of  the  fan. 

In  Figs.  1,  2  and  3  is  shown  the  more  general  type  of  the 
combined  apparatus,  which  will  serve  to  illustrate  the  arrange- 
ment. The  fan  (Fig.  1)  is  lightly  but  strongly  constructed, 
and  designed  for  moving  large  volumes  of  air  at  a  minimum 
expenditure  of  power.  The  driving  powder  may  consist  either  of 
a  steam  engine,  direct,  connected  to  the  fan  shaft,  as  shown, 
or  of  an  independent  engine,  motor  or  line  shaft.  The  steam 
coils  (Figs.  2  and  3)  are  made  up  in  a  series,  consisting  of 
hollow  cust-iron  bases,  into  which  are  screwed  staggered  rows 
of  vertical  pipes,  connected  l)y  cross  pipes  at  the  top.  Upon 
the  end  of  each  section  is  a  circular  flanged  head,  divided  by  a 
horizontal  diaphnigm,  the  upper  part  communicating  with  the 
steam  supply,  and  the  lower  with  the  drip.     The  sides  of  the 
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heads  are  planed,  and  closely  fitted,  with  copper  gaskets  be- 
tween ;  a  blank  flange  placed  at  one  end  of  the  series  and  the  large 
steam  inlet  and  drip  hcadet  at  the  other  end.  Exhaust  or  live 
steam  is  admitted  through  the  main  inlet  A  (Fig.  3),  passes 
up,  over  and  down  through  the  pipes,  and  returns  to  the  front 
of  the  section  through  a  special  passage  in  the  bottom.  It  is 
removed  as  water  of  condensation  at  B.  C  and  D  repre- 
sent respectively  the  exhaust  steam  inlet  and  drip  for  the  single 
independent  section  provided  to  utilize  the  exhaust  steam  from 
the  fan  engine.  This  section  is  not  in  communication  with  the 
other  sections.  The  balls  E,  upon  which  one  end  of  each 
section  rests,  and  which  allow  for  expansion,  may  be  seen  in 
both  Fis:s.  2  and  3. 

In  the  investigation  of  any  system  or  systems  of  heating, 
ventilating  and  moistening,  certain  important  and  vital  elements 
must  be  considered  that  determine  definitely  and  conclusively 
the  advisability  of  introduction.  The  prominent  elements  that 
enter  into  such  an  investigation  are  :  — 

1.  First  cost. 

2.  Cost  of  maintenance. 

3.  Repairs. 

4.  Convenience  of  regulation. 

5.  Results  secured. 

Let  us  look  for  a  moment  at  the  present  method  of  mill 
heating  by  direct  radiation.  Without  discussion,  the  overhead 
system  of  steam  pipes  will  be  accepted  as  the  most  modern 
and  generally  adopted.  You  are  all  too  familiar  with  the 
disadvantages  of  this  system,  and  all  have  undoubtedly  ex- 
perienced to  a  greater  or  lesser  degree  the  annoyances  of  ham- 
mering in  steam  pipes,  the  damage  resulting  from  leakage, 
the  necessity  of  frequently  repacking  the  valves,  the  constant 
care  and  expense  of  keeping  the  entire  system  in  order,  the 
frequent  inconvenience  of  properly  regulating  the  system,  and 
the  ever-present  danger  of  fire  and  of  freezing,  to  say  nothing 
of  the  imperfect  distribution  of  the  heat,  resulting  in  the  over- 
heating of  one  portion  and  the  underheating  of  another,  and, 
above  all,  of  the  cost  of  maintenance.     Not,  however,  until  it 
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is  known  that  as  good  and  even  far  better  results  can  be  secured 
by  eliminating  the  entire  piping  system  from  the  rooms,  can 
the  actual  inconvenience  of  its  presence  be  fully  appreciated. 

The  Sturtevant  system  and  apparatus,  as  previously 
described,  locates  all  the  steam  pipe  in  the  basement  or  outside 
the  mill,  in  a  single  coil,  which  brings  the  steam  admission  at 
one  point,  and  under  the  control  of  practically  a  single  valve. 
No  pipe  whatever  is  required  in  the  mill,  and  the  attendant 
disadvantages  of  hammering,  leaking,  freezing,  repacking  of 
valves,  constant  repairs,  and  ever-present  fire  risk,  are 
entirely  done  away  with. 

Again,  in  massing  the  steam  pipe  at  a  given  point,  and  in 
using  a  fan  to  pass  the  air  over  it,  a  much  greater  duty  is 
secured  from  any  given  number  of  feet  of  pipe.  The  best 
average  condensation  in  the  Sturtevant  heater  is  two  and 
three-tenths  pounds  per  square  foot  per  hour;  while,  with 
direct  radiation  in  overhead  pipes,  it  is  only  three-tenths 
to  four-tenths  pounds  per  square  foot  per  hour.  That  is, 
under  ordinary  conditions,  one  lineal  foot  of  one-inch  pipe, 
arranged  in  the  form  of  the  Sturtevant  heater,  will  con- 
dense, according  to  the  steam  pressure,  from  three  to  six 
times  as  much  steam  as  will  be  condensed  by  one  lineal 
foot  of  one-inch  pipe  strung  around  a  building  in  the  ordi- 
nary manner  for  direct  radiation.  In  other  words,  if  it 
requires  50,000  lineal  feet  of  one-inch  pipe  strung  around  a 
mill  to  heat  it  by  direct  radiation,  the  same  mill  can,  on  an 
average,  be  heated  by  10,000  lineal  feet  of  one-inch  pipe 
arranged  in  the  form  of  the  Sturtevant  heater.  Contrast  the 
care  and  repairs  on  50,000  feet  of  pipe,  with  its  attendant 
valves  and  connections,  with  that  of  one-fifth  the  amount, 
put  up  in  the  convenient  foim  of  the  Sturtevant  heater ;  not 
to  speak  of  other  disadvantages  attendant  upon  steam  pipe 
strung  around  a  building. 

The  distribution  of  the  air  is  complete,  and  independent  of 
all  adverse  conditions  ;  a  uniform  temperature  is  secured  in  all 
parts  of  the  building,  north,  south,  east  or  west,  both  at  floor 
ana  ceiling.     In  the  case  of  direct  radiation,  the  temperature 
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will  vary  in  different  parts  of  the  room,  — as  a  rule,  being 
highest  where  the  steam  enters  the  coils.  This  difference  is 
all  the  more  marked  between  the  top  and  bottom  of  the  room 
when  the  pipes  are  overhead. 

At  the  Globe  Yam  Mill  No.  1,  which  is  heated  by  overhead 
steam  piping,  it  has  been  noted  by  the  superintendent,  Mr. 
Sanford,  that  the  thermometer  showed  a  variation  of  from  five 
to  seven  degrees  between  the  north  and  south  end  of  the  build- 
ing, which  difference  he  attributes  to  the  condensation  in  the 
long  circulations. 

In  Globe  Yarn  Mill  No.  2,  which  is  heated  by  the  Sturte- 
vant  system,  he  states  that  there  is  no  perceptible  variation  in 
t^mpemture  between  the  two  ends  of  the  mill,  and  very  little 
between  the  top  and  bottom  of  the  room.     By  way  of  explana- 
tion, it  is  well  to  state  here  that  Globe  Yam  Mills  Nos.  1  and 
2  are  located  in  the  same  position  relatively  to  the  points  of 
the  compass,  —  that  is,  very  nearly  north  and  south.     Both 
are  about  the  same  size,  and  have   the   same   exposure,  the 
advantage  being  in  favor  of  Mill  No.  1,  which  is  sheltered  to 
some  extent  and  protected  from  north-west  winds  by  Mill  No. 
2.     The  steam  admission  to  the  system  in  each  mill  is  at  rela- 
tively the  same  point ;  that  is,  the  south  end.     Both  mills  arc 
about  300  feet  long  and  100  feet  wide,  and  the  cubic  contents 
of  Mill  No.  1  is  1,103,852  cubic  feet,  while  that  of  No.  2  is 
1,316,520  cubic  feet.     Plate  I.  shows  the  ground  plan  of  the 
Globe  Yarn   Mill  No.  2,   with  the   location   of  the  heating 
apparatus  and  the  arrangement  of  the  flues.     The  apparatus  is 
similar  to  that  shown  in  Fig.  1,  and  located  in  the  south-east 
corner  of  the  basement.     The  fan  wheel  is  eight  feet  diameter 
and  five  feet  wide,  and  is  driven  by  an  8  by  12  direct  con- 
nected engine.     Steam  is  taken  from  the  receiver  of  a  com- 
pound engine,  and  the  exhaust  steam  from  the  fan  engine  is 
utilized  in  a  portion  of  the  heater.     The  maximum  speed  of 
the  fan  is  150  revolutions,  at  which  speed  about  70,000  cubic 
feet  of  air  is  delivered,  changing  the  air  in  the  mill  once  in 
every  twenty  minutes. 
The  main  air  duct,  which  is  five  feet  square,  is  built  of  brick, 
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the  wall  of  the  mill  forming  one  side.  There  are  four  vertical 
flues ;  each  connect  with  this  main  duct,  at  varying  intervals  of 
sixty  to  eighty  feet,  and  run  up  in  the  outside  wall  of  the  mill. 
The  openings  on  each  floor  are  near  the  ceiling,  and  twenty 
inches  square,  the  flow  of  air  being  regulated  by  dampers.  The 
damper  shown  on  the  plate  is  the  design  of  Mr.  Wm.  T.  Henry, 
the  architect,  and  is  an  excellent  device  for  pilaster  flues. 

It  will  be  noted  that  these  flues  are  not  built  into  the  wall, 
but  in  outside  pilasters,  the  walls  of  the  mill  having  been  built 
before  it  was  decided  to  adopt  this  system  of  heating. 

Perhaps  there  is  no  better  place  to  state,  that,  at  the  time 
Mr.  Henry  advised  Mr.  Sanford  .to  adopt  this  system  of  heat- 
ing, there  was  no  mill  in  Fall  River  which  had  the  Sturtevant 
system  in  use ;  and  there  was  all  the  more  hesitancy  about 
adopting  the  system,  on  the  ground  that  their  work  was  to  be 
the  spinning  of  fine  yarns,  the  numbers  running  up  to  140, 
and  it  was  feared  that  the  circulation  of  largo  volumes  of  air 
might  cause  breakage.  We  speak  of  this  to  allay  any  preju- 
dice which  may  be  entertained  respecting  the  velocity  with 
which  the  air  enters  the  rooms. 

The  maximum  speed  of  the  fan  causes  the  air  to  leave  the 
tips  of  the  blades  of  the  wheel  with  a  velocity  of  about  one 
mile  per  minute,  which  velocity  represents  a  pressure  of  one 
ounce  to  the  square  inch,  or  a  water  pressure  of  one  and  three- 
quarter  inches.  This  velocity  is  reduced  by  enlargement  of 
flues  fifty  to  seventy-five  per  cent.,  dependent  upon  size  and 
length  ;  so  that  the  water  gauge  would  register,  at  outlets  into 
the  mill,  from  three-eighths  to  one-eighth  of  an  inch  of  water, 
representing  a  velocity  of  from  2,600  to  1,400  feet  per  minute, 
the  pressure  of  air  varying  directly  as  the  square  of  the  velocity. 
These  velocities  are  understood  to  be  registered  in  the  outlet 
flue,  where  it  opens  into  the  room,  and  do  not  represent  the 
velocity  of  the  air  currents  in  the  room ;  as  the  air,  on  escap- 
ing into  the  room,  immediately  expands,  and  the  currents  are 
not  perceptible  except  directly  in  front  of  the  outlets. 

Mr.  Clark,  the  treasurer  of  the  Clark  (O  N  T)  Thread  Mills, 
where  we  understand  the  finest  numbers  in  the  country  are 
spun,  investigated  this  subject  very  carefully  before  adopting 
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the  system  in  their  new  mills,  and  was  so  impressed  with  its 
advantiiges  that  it  was  introduced  after  the  mills  were  erected, 
at  greater  expense  than  would  have  otherwise  been  required,  it 
being  necessary  to  use  metal  flues  on  the  inside  of  the  mill  walls. 
The  armngement  of  these  flues  is  shown  by  Plate  II. 

In  this  case,  the  metal  flues  (of  galvanized  iron)  were  rec- 
tangular in  foim,  and  attached  directly  to  the  walls.  In  order  to 
maintain  sufficient  flue  area,  and  yet  avoid  projecting  too  far  into 
the  room,  it  was  necessary  to  divide  the  flues,  and  pass  them 
up  on  either  side  of  the  floor  girders.  Each  flue  furnishes  air 
for  a  single  floor  only ;  and,  as  there  are  five  floors,  every  fifth 
flue  goes  to  thq  same  floor.  The  various  details  explain  them- 
selves. The  apparatus  shown  on  Plate  III.  is  of  the  duplex 
type,  which,  in  a  slightly  changed  form,  is  illustrated  in  Plate 
VI.,  and  described  in  connection  therewith. 

Referring  again  to  the  uniform  distribution  of  the  heat,  we 
present,  by  the  courtesy  of  Mr.  Parker,  the  following  figures 
(Tal)le  No.  1),  taken  at  random  from  a  record  kept  at  the  west 
weave  shed  of  the  Pacific  Mills,  where  the  Sturtevant  system 
has  been  used  the  past  two  winters. 


Table  No.  1. 

Temperature  -and  Humidity  in  West  Weave  Shed,  Pacific  MHUy 

Lawrence,  Mass, 
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The  slight  variations  of  temperature  which  exist  between  the 
east  and  west  ends  are  accounted  for  by  the  fact  that  at  the 
east  end,  on  the  first  floor  of  the  mill,  are  located  the  engine  and 
dynamo  rooms ;  adjacent  to  the  east  end  is  the  large  chimney, 
and  directly  underneath,  in  the  basement,  is  the  heating 
apparatus.  With  these  conditions,  it  is  remarkable  that  so 
little  difference  exists.  The  mill  is  440  feet  long  by  70  feet 
wide,  with  two  stories  and  a  basement;  the  flues  are  con- 
structed upon  the  south  side  of  the  mill,  five  in  number,  and 
average  100  feet  apart.  The  canal  runs  along  the  north  side 
of  the  mill,  and  the  west  end  and  north  side  are  exposed  to 
prevailing  winds  from  the  Merrimac.  It  can  be  safely  said 
that  hardly  a  more  exposed  location  can  be  found  in  Lawrence  ; 
yet,  with  these  adverse  conditions,  this  mill,  with  800,000 
cubic  feet  of  space,  besides  the  basement,  which  is  kept 
comfortable,  is  heated  uniformly,  so  that  there  is  practically 
no  variation  in  temperature  between  the  top,  l)ottom  and 
sides  of  the  mill.  By  way  of  further  explanation,  it  may  be 
stated  that  the  coil  of  pipe  or  heater  contains  4,042  lineal  feet 
of  one-inch  pipe,  and  the  fan  wheel  is  only  six  feet  in  diameter 
and  three  and  a  half  feet  wide,  and  is  driven  by  a  direct  con- 
nected 6  by  9  vertical  engine,  the  entire  apparatus  and  the 
arrangement  of  the  flues  being  very  similar  to  that  shown 
in  Plate  I. 

The  apparatus  is  located  in  the  basement,  near  the  north- 
east corner.  The  air  duct,  which  is  underground,  leads  to  the 
south  side,  and  then  alongside  the  foundation  wall,  where  it 
communicates  with  the  vertical  flues  in  the  wall  of  the  mill. 
The  openings  from  these  flues  into  the  two  floors  are  of  Mr. 
Parker's  design,  of  the  shape  shown  on  Plate  V.,  and  having 
an  area  of  172  square  inches  at  the  point  where  the  air  is 
delivered  into  the  room,  or  2.43  square  inches  of  outlet  to  each 
1,000  cubic  feet  of  space. 

The  steam  supply  for  the  heater  is  taken  from  the  receiver 
of  a  compound  engine,  at  a  pressure  of  from  five  to  eight 
pounds ;  and  the  speed  of  the  fan  never  exceeds  2i30  revolu- 
tions, this  being  regulated  by  the  engineer,  according  to  the 
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As  was  intimated  in  the  introduction,  the  ventilation  of  a 
textile  mill  presents  two  aspects  —  one  from  the  humanitarian 
stand-point,  and  the  other  that  of  the  coi'poration  seeking  a 
monetary  return.  At  first  thought,  it  might  be  supposed  that 
the  monetary  return  would  be  more  imaginary  than  real. 
However,  we  think  we  can  show  that  such  is  not  altogether  the 
case.  We  cannot  present  in  this  connection  any  data  taken 
from  textile  mills  bearing  upon  this  point ;  but  we  have  data 
fi'om  manufactories  in  other  lines  of  work  which  should  be 
applicable.  A  shoe  manufacturer,  who  displaced  direct  radia- 
tion with  the  Sturtevant  system,  asserts  that,  in  that  portion 
of  his  factory  where  a  large  number  of  girls  were  employed  at 
sewing  machines,  from  ten  to  fifteen  per  cent,  more  work  was 
turned  out  per  day,  and  there  was  a  much  smaller  per  cent,  of 
absentees.  This  result  was  brought  about  by  the  invigoniting 
eilect  of  a  constant  renewal  of  the  air. 

To  cite  another  case,  from  notes  on  "Heating  and  Venti- 
lation," by  Prof.  S.  H.  Woodbridge  of  the  Massachusetts  Insti- 
tute of  Technology,  he  states,  that,  since  the  employees  of  the 
Pension  Bureau  at  Washington  have  been  quartered  in  the  new 
pension  building,  which  is  ventilated  by  the  blower  system, 
under  the  supervision  of  Gen.  M.  C.  ^Nleigs,  U.  S.  A.,  the 
time  lost  by  sickness  for  one  year  was  10,114  days,  against 
18,136  days  under  the  previous  conditions,  with  a  smaller 
total  force.  You  may  say  that  these  are  not  parallel  cases, 
and  consequently  are  not  to  the  point.  However,  they  are 
applicable,  so  far  as  they  show  that  good  ventilation  will 
pay  in  any  place  where  there  is  a  large  number  of  operatives, 
and  the  work  is  confining.  We  know  that  these  conditions 
exist  in  every  textile  mill.  Facts  are  continually  showing,  that, 
for  mercenary  reasons  alone,  it  is  advantageous  to  provide  suf- 
ficient ventilation  for  all  classes  of  operatives ;  although,  as 
a  rule,  no  provision  whatever  has  been  made  for  the  proper 
renewal  of  the  air.  It  is"  not  proposed  to  read  a  lecture,  in 
this  paper,  on  the  humanitarian  aspect  of  the  case,  —  for  the 
State  Board  of  Inspectors,  acting  under  the  statute  laws  of  our 
Commonwealth,  will  do  this  if  occasion  demands.     The  neces- 
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sity  of  a  better  sanitary  condition  in  a  large  number  of  our 
mills  is  apparent,  and  is  receiving  the  attention  of  the  proper 
authorities.  The  time  is  at  hand  when  the  question  of  ventila- 
tion will  be  considered  as  much  as  that  of  heating,  and  manu- 
facturers will  be  required  to  supply  the  requisite  quantity  of 
fresh  air  to  all  operatives. 

The  best  methods  of  securing  the  desired  results  are  being 
investigated.  There  are  two  systems,  —  that  by  natural  and 
that  by  mechanical  means.  The  natural  method  for  changing 
the  air  is  by  the  introduction  of  wall  flues  with  inlets  from  the 
various  rooms.  While  such  a  system  may  be  better  than  none, 
yet,  as  it  requires  a  difierence  in  the  temperature  of  the  air 
inside  and  outside  of  the  building  to  create  any  draft,  it  always 
fails  in  summer,  when  it  is  most  necessary.  The  next  step  in 
natural  ventilation  consists  in  placing  a  steam  coil  or  gas  jet 
within  the  flue,  to  create  a  current.  It  can  be  readily  sliown 
that  this  is  one  of  the  most  expensive  methods  of  moving  air, 
for  its  movement  is  due  solely  to  its  levity.  The  steam  thus 
expended  in  increasing  the  temperature  could  be  much  more 
economically  expended  in  developing  the  power  for  driving  a 
fan.  Calculation  will  show,  as  Professor  Woodbridge  states, 
that,  *'  among  the  many  devices  for  the  movement  of  air  through 
channels,  none  are  so  economical  of  power  and  convenient  in 
use  as  the  fan."  And  Robert  Briggs,  whose  large  experience 
in  practical  ventilation  and  heating  lends  great  weight  to  his 
words,  asserts  that  *'  no  other  method  than  that  of  impelling 
air  by  a  direct  means,  with  a  fan,  is  equally  independent  of 
accidental  natural  conditions,  equally  efficient  for  a  desired 
result,  or  equally  controllable  to  suit  the  demands  of  those  who 
are  ventilated." 

Mr.  Sanford,  in  speaking  of  the  ventilation  of  Globe  Yarn 
Mill  No.  2,  said,  '*  The  State  inspectors  have  told  me  that  our 
No.  2  Mill  was  one  of  the  best-ventilated  buildings  in  the  State, 
and  not  one  school-house  in  ten  contained  such  good  air  for 
breathing  purposes."  He  also  states,  **  We  also  find  a  great 
benefit  from  the  system  in  summer,  by  introducing  a  spray  of 
water  at  the  outlet  of  the  fan.     Our  No.  2  Mill  is  kept  from 
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four  to  six  degrees  lower  in  temperature  than  No.  1.  This 
enables  us  to  keep  our  windows  closed  at  the  bottom  in  No.  2 
Mill,  and  Aye  get  clear  of  the  lower  draft  across  our  work,  which 
is  a  great  advantage  in  fine  spinning." 

The  friction  of  quick  running  machinery  and  the  excessive 
window  surface  render  a  mill  very  hot  and  oppressive  in  the 
summer  months.  The  temperature  of  a  mill  exposed  to  the 
sun  reaches  in  many  instances  ninety  to  one  hundred  degrees 
Fahr.  This  can  be  reduced  by  the  Sturtevant  system  from  five 
to  t^n  degrees,  the  cost  of  running  a  fan  for  cooling  purposes 
alone  being  inconsiderable,  compared  with  the  advantages 
gained  by  the  additional  amount  of  work  per  operative.  Some 
mills  have  adopt<3d  the  exhaust  method,  by  placing  disc  fans 
in  windows  at  each  end  of  the  mill.  This  does  not  have  the 
eflect  of  cooling  the  air,  for  the  air  drawn  in  at  the  open  win- 
dows is  practically  as  warm  as  the  air  expelled.  The  Sturte- 
vant is  the  i)lenum  method,  which  puts  a  plus  condition  upon 
the  inside  of  the  building,  and  causes  all  currents  to  take  an 
outward  direction. 

In  reference  to  reguhiting  the  humidity  of  the  air,  we  have 
stated  tliat  it  was  not  in  the  range  of  this  paper  to  discuss  the 
advantages  of  moistening  the  air  in  cotton  mills.  We  take  it 
as  an  accepted  fact  that  a  high  and  constant  humidity  in  the 
spinning  of  yarns  and  in  weaving  is  necessary.  You  are  all 
undoubtedly  more  or  less  familiar  with  the  Garland  apparatus, 
and  have  read  the  admirable  treatise  of  ilr.  Garland  upon  the 
subject.  We  suppose  that  the  Garland  apparatus  has  hereto- 
fore been  accepted  as  the  most  modern  and  the  best  device  in 
the  market,  and  we  know  that  it  has  been  largely  adopted. 
This  apparatus  utilizes  the  principle  of  an  atomizer,  and  calls 
for  an  extended  circulation  of  water  and  air  pipes  through  the 
mill,  together  with  a  water  tank  and  filtering  device.  This 
complication  of  pails  and  elabomte  arrangement  offfers  all  the 
disadvantages  of  overhead  steam  pipes,  in  being  the  receptacle 
of  dust  and  lint,  of  danger  from  damage  by  leakage,  annoy- 
ance from  leaky  valves,  and  the  breaking  of  glass  air  tips,  with 
the  care  of  the  water  tank  and  filtering  devices,  to  say  nothing 
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of  the  cost  of  running  the  air  pump.  The  first  cost  is  neces- 
sarily great,  and  the  results  are  by  no  means  satisfactory,  since 
some  of  the  same  objections  that  are  ofiered  to  steam  pots  and 
other  devices  are  applicable  here,  in  that  the  moisture  is  not 
uniformly  distributed,  and  the  relative  humidity  will  vary  with 
the  location  of  the  atomizer.  Our  attention  was  called  two 
or  three  years  ago  to  a  moistening  device  invented,  we  believe, 
by  Mr.  J.  S.  Ludlam  of  the  Merrimac  Manufacturing  Com- 
pany, in  which  a  small  blower  driven  at  a  high  velocity  was 
used  to  distribute  moist  air.  This  was  a  step  in  the  right 
direction,  and  an  improvement  over  the  many  diflerent 
devices.  Wherein  the  various  moistening  devices  have  failed, 
has  l>een  in  that  they  have  lost  sight  of  the  principle  that 
the  circulation  of  the  air  was  indispensable.  Undoubtedly  the 
other  systems  put  the  recjuisite  amount  of  moisture  into  the 
air;  but  the  effect  is  local,  and  not  general,  due  to  lack  of 
circulation  of  the  air.  The  air  is  saturated,  or  nearly  so,  at 
the  distribiiting  points  in  these  moistening  systems,  while,  at 
points  removed  from  the  distributing  centres,  the  air  will  be 
dry,  or  nearly  so. 

The  cost  of  instnllation  of  any  one  of  the  modern  and 
approved  moistening  systems  calls  for  a  large  outhiy  for  the 
plant  itself.  Mr.  Sanford,  of  the  Globe  Yarn  ]\Iills,  states 
that  the  Garland  moistening  plant  at  Mill  No.  1  cost  $2,800 ; 
and,  from  inquiries  that  we  have  made,  we  should  say  that  this 
was  as  low  a  figure  as  could  be  ol)tained  for  the  installation  of 
any  modern  moist<3ning  system  in  a  mill  of  this  size.  Of  the 
cost  of  maintenance,  Mr.  Sanford  says  that,  from  Oct.  15, 
1888,  to  March  15,  1889,  130  days  (the  device  not  being  used 
on  Sundays  and  very  moist  days),  it  required  58,500  pounds  of 
coal  to  actuate  the  pump,  to  say  nothing  of  repairs.  At  $5 
a  ton  (2,240  pounds),  this  means  an  expense  of  $130.58  for  six 
months,  for  coal.  In  addition  to  this,  the  system  requires 
pure  water,  which  had  to  be  taken  from  the  city  main  at  a  cost 
of  $1  per  month,  which  makes  a  total  of  $136.58  as  the  cost 
of  maintenance  for  six  months.  The  average  tempemture  of 
the  mill  during  this  time  was  72  degrees,  and  the  average  rela- 
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tive  humidity  was  62  per  cent.  (Huddleston's  Hygrophants) . 
He  also  states,  ''  There  were  very  many  dry  and  windy  days, 
when  we  could  not  get,  in  the  No.  1  Mill,  more  than  56  per 
cent,  saturation."  For  the  same  six  months,  the  average 
humidity  in  No.  2  Mill,  moistened  by  the  Slurtevant  system, 
was  65  per  cent.,  with  an  average  temperature  of  78  degrees. 

The  only  charge  which  can  be  made  against  the  moistening 
of  air  in  Mill  No.  2,  is  the  cost  of  the  water.  In  conclusion, 
Mr.  Sanford  states :  "In  fact,  with  this  system  (the  Sturte- 
vant  system)  of  heating,  ventilating  and  moistening,  we  can 
get  just  what  we  want,  and  very  quickly,  at  all  times,  for  tem- 
perature and  humidity ;  and  we  also  have  the  advantage  of 
keeping  our  relative  humidity  during  the  night  at  no  extra 
cost,  which  is  a  great  advantage  in  a  fine  spinning  mill.  With 
the  Garland  system,  this  would  necessitate  ininning  the  air 
pump,  with  its  attention  and  expense  for  coal.  Our  No.  2  Mill 
is  a  fine  spinning  mill,  our  numbers  running  to  140 ;  but  we 
find  no  trouble  in  getting  a  breaking  test  a])Ove  the  English 
standard,  and  we  know  that  our  waste  account  is  at  a  mini- 
mum." 

The  average  relative  humidity  in  Globe  Yarn  Mill  No.  2  has 
been  seen  to  be  65  per  cent.,  witli  a  temperature  of  78  degrees  ; 
while  in  the  Pacific  west  weave  shed,  with  an  average  tempeni- 
ture  of  70.5  degrees,  the  relative  humidity  was  67.12  per 
cent. ;  which  gives  good  evidence  as  to  the  relative  himiidity 
considered  to  be  most  beneficial  in  the  two  mills.  In  either 
case  the  results  were  produced  by  the  spray  from  a  simple 
rose  nozzle,  attached  to  a  half-inch  pipe,  spraying  into  the 
main  duct  at  the  mouth  of  the  fan. 

With  the  Stui-tevant  system,  it  costs  practically  nothing  to 
regulate  the  humidity  of  the  air  during  the  season  when  it  is 
necessary  to  heat  the  mill.  In  the  summer  months  this  cost  is 
represented  by  the  amount  of  water  for  moistening  the  air 
and  l)y  the  power  required  to  drive  the  fan,  which  is  a 
small  item,  at  the  low  speeds  necessary  to  obtain  the  desired 
results.  For  instance,  at  the  Globe  Yarn  Mill  No.  2,  they  may 
run  the  fan   during  the   sunnner  months   50   revolutions   per 
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minute,  delivering  20,000  cubic  feet  of  air  per  minute,  with  a 
consumption  of  power  not  exceeding  two  horse-power,  which 
would  represent  (supposing  the  fan  w^ould  be  driven  for 
moistening  purposes  for  six  months  in  the  year)  an  expense 
of  $50,  considering  that  $50  is  a  fair  estimate  for  the  cost 
of  a  horse-power  to  a  mill  for  a  year.  In  addition  to  the 
moistening  of  the  air  during  the  summer  months,  it  must  not 
be  overlooked  that  the  large  volume  of  moist  fresh  air  thrown 
into  the  mill  will  reduce  the  temperature  from  five  to  ten 
degrees,  do  away  with  the  necessity  of  raising  the  windows, 
and  invigorate  the  operatives. 

Right  here  it  may  be  well  to  make  a  statement  in  regard  to 
the  amount  of  power  consumed  to  drive  fans.  The  laws  which 
govern  the  movement  of  air  by  fans  are  not  generally  under- 
stood. The  volume  of  air  delivered  varies  directly  with  the 
speed,  the  pressure  of  air  produced,  as  the  square  or  second 
power  of  the  speed,  and  the  power  consumed,  as  the  cube  or  third 
power  of  the  speed.  It  will  be  noted  that  economy  in  moving 
air  with  a  fan  is  secured  by  moving  the  air  at  low  velocities. 
Hence,  for  ventilating  and  heating,  where  little  or  no  pressure 
is  required,  large  fans  are  used,  and  the  air  ducts  arc  propor- 
tionately large,  in  order  to  deliver  large  volumes  at  low  veloci- 
ties.    Attention  is  called  to  an  indicator  card  (Fig.  4)  taken 


Boiler  Prew,  115  lbs.    Spring,  40  lb«.    M.  K.  P.,  6.3  lbs. 

Fifir.  4. 

from  a  Sturtevant  12  by  18  engine,  directly  connected  to  a  fan 
having  a  blast  wheel  12  feet  in  diameter  and  5  feet  wide.  It 
will  be  seen  that  the  card  is  little  more  than  a  friction  card,  the 
admission  of  steam  being  regulated  by  the  throttle,  and  that 
2.65  horse-power  represents  not  only  the  friction  of  the  engine, 
but  also  the  amount  of  power  required  to  drive  a  blast  wheel 
12  feet  in  diameter  at  41  revolutions  per  minute.  The  delivery 
of  air  at  this  speed  is  30,000  cubic  feet  per  minute,  or  1,800,000 
cubic  feet  per  hour.  The  same  fan  and  engine,  operated  at 
a  maximum  speed  of  100  revolutions  for  mill  heating,  will 
indicate  20  horse-power. 
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It  will  of  course  bo  understood  that  the  fan  is  never  run  at 
the  maximum  speed  except  in  zero  weather,  and  then  only  for 
a  short  time  in  the  morning,  the  exhaust  steam  from  the  fan 
engine  being  used  at  all  times  in  the  heater;  so  that  it  is 
pnictically  immaterial  how  much  steam  is  required  to  drive  the 
fan  in  winter  weather,  as  it  is  well  known  that  exhaust  steam 
or  low-pressure  steam  is  practically  as  efficient  for  heating 
purposes  as  steam  at  sixty  pounds.  Low-pressure  steam 
simply  calls  for  a  larger  coil.  We  hava  indicated  the  amount 
of  power  required  for  driving  the  fan,  and  have  shown  that  it 
is  inconsiderable.  In  this  connection  we  may  say  that  the 
heaters  are  constnicted  with  special  reference  to  the  use  of 
exhaust  or  low-pressure  steam,  and  the  water  of  condensation  is 
immediately  removed  and  returned  to  the  tank  or  boiler,  Tlie 
large  condensation  is  due  to  the  construction  of  the  heater,  and 
the  impingement  of  large  volumes  of  air  directly  upon  the 
heating  surfaces.  We  do  not  claim  to  get  more  heat  units 
from  the  steam  than  it  contains,  but  do  claim  to  get  all  the 
useful  heating  effect  into  the  air,  and  then  distribute  this 
lusnted  air  quickly  and  unifonnly  to  the  points  where  the 
heating  is  to  ])e  done.  The  economy  of  the  Sturtevant 
system  is  in  the  rapid  and  uniform  distribution  of  the  heat. 
The  heated  air  can  be  placed  in  the  shortest  time  w^here  it  is 
needed. 

As  to  the  cost  of  the  maintenance  of  the  combined  systems, 
the  best  opportunity  ottered  for  comparing  the  Stuitevant  sys- 
tem with  direct  radiation,  in  conjunction  with  the  Garland 
moistening  system,  is  ottered  by  Globe  Yarn  Mills  Nos.  1 
and  2,  where  an  account  of  the  coal  burned  for  heating  and 
moistening  the  two  mills  has  been  kept  for  the  six  months  from 
Oct.  15,  1888,  to  March  15, 1889,  — 151  days.  In  Mill  No.  1, 
875,600  pounds  of  coal  were  used.  In  Mill  No.  2,  with  the 
Sturtevant  system,  280,900  pounds  were  used ;  which  is 
88,700  pounds  in  favor  of  the  Sturtevant  system,  to  say 
nothing  of  the  fact  that  the  cubic  contents  of  Mill  No.  2  is 
212,068  cubic  feet  more  tlian  ilill  No.  1,  an  increase  of  nearlv 
twenty  per  cent. ;  and  also  that  Mill  No.  1  is  sheltered  from 
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north-west  winds  by  Mill  No.  2,  the  north-west  side  of  which 
is  entirely  exposed.  Furthermore,  the  average  temperature  in 
No.  1  was  70  degrees,  while  that  in  No.  2  was  78  degrees. 
In  Table  No.  2,  it  will  be  noticed  that  the  coal  burned  per 
1,000  cubic  feet  of  space  was  in  the  ratio  of  100  pounds  in 
Mill  No.  1  to  64  pounds  in  Mill  No.  2. 

Table  No.  2. 

Comparative  Cost  and  Running  Expenses  for  Ileaiing,  VeniilatiJig  and 
Moistening  Systems,  Globe  Yam  Mills,  Numbers  1  and  2,  from  Oct. 
15,  1888,  to  March  15,  1889. 


Cost  of  Introduction. 


No.  !.• 


No.  2.1 


First  cost  heating  and  moistening  system, 
First  cost  heating,  ventilating  and  moistening 

system, 

Cubic  contents,  cubic  feet, 

Average  temperature, 

Cost  of  system  per  1,000  cubic  feet, . 

Ratio, I 


f  4,600  00 


— 

$4,000  00 

1,103,852 

1,316,520 

7(P 

78° 

f4  17 

$3  04 

100 

73 

137 

100 

Running  Expenses. 


Coal  burned  for  heating, 

Coal  burned  for  moistening,      .... 
Coal  burned  for  both  heating  and  moistening, . 
Coal  burned  for  heating,  ventilating  and  moist- 
ening,        

Coal  burned  per  1,000  cubic  feet, 

Ratio, > 


317,100  lbs. 
58,500    " 
375,600 


(( 


340.26  lbs. 
100 
156 


286,900  lbs. 
217.92  " 
64 
100 


*  Overhead  direct  radiation  and  Garland  moistening  system. 
t  Startevant  system  of  heating,  ventilating  and  moistening. 


It  will  also  bo  seen  from  the  table,  that,  eliminating  the 
amount  of  coal  required  for  operating  the  Garland  system,  the 
coal  consumed  for  heating  Mill  No.  1  was  317,100  pounds,  as 
against  286,900  pounds  consumed  in  maintaining  the  entire 
Sturtevant  system  of  heating,  ventilating  and  moistening;  a 
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difference  of  30,200  pounds,  or  a  total  for  heating  alone  of 
287.26  pounds  per  1,000  cubic  feet  in  No.  1,  and  217.92  pounds 
per  1,000  cubic  feet  in  Mill  No.  2,  in  the  ratio  of  100  to  70.9. 

Not  only  was  the  heating  and  moistening  in  Mill  No.  2  more 
perfect,  but  the  ventilation  was  such  as  to  excite  the  admiration 
of  the  State  inspectors.  These  comparisons  are  particularly 
valuable,  because  the  two  mills  are  nearly  of  the  same  size, 
are  located  side  by  side,  are  used  for  the  same  class  of  work, 
and  the  advantage  both  in  point  of  size  and  location  is  in  favor 
of  the  mill  heated  by  direct  radiation.  It  is  rare  that  an 
opportunity  is  offered  to  make  such  a  comparison. 

The  results  at  the  New  Pacific  Spinning  Mill  for  the  past 
winter,  without  anj'  machinery  in  the  mill,  have  l>een  such  that 
Mr.  Parker  remarked  to  the  writer  that  he  had  little  doubt  but 
that  the  exhaust  steam  from  the  fan  engines  would  be  found 
sufficient  to  heat  the  mill  except  in  zero  weather. 

Under  date  of  Nov.  30,  1888,  Mr.  Parker  wTites  us  respect- 
ing the  working  of  the  heating  apparatus  in  the  west  weave 
shed:  ''We  have  made  no  tests  to  compare  the  economy  of 
this  system  with  direct  radiation,  it  lieing  considered  that, 
where  so  many  persons  were  employed,  the  advantage  derived 
from  ventilation  more  than  compensated  for  the  possibly 
slightly  increased  cost.  My  impression  is,  however,  that  this 
method  of  heating  is  as  cheap  as  ])y  direct  radiation.  It  is  on 
account  of  the  satisfactory  working  of  this  apparatus  that  we 
have  given  you  an  order  for  the  plant  for  our  new  spinning 
mill." 

The  only  fair  comparison  for  economy  of  fuel  w^hich  can  be 
made  between  the  Sturtevant  system  and  that  of  direct  radia- 
tion, is  to  put  tlicm  on  un  equal  basis ;  that  is,  with  direct 
radiation,  the  air  is  constantly  reheated  over  and  over  again, 
little  or  no  provision  being  made  for  ventilation ;  hence  the 
Stui-tevant  system,  Avhen  compared  for  economy  of  coal  cou- 
suniption,  should  take  its  entire  air  supply  from  the  mill. 
When  this  is  done,  there  is  no  question  as  to  the  coal  con- 
sumption. Hut  the  system  does  not  contemplate  taking  the 
entire  air  supply  from  the  mill,  although  a  large  portion  may 
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bo  so  taken  without  detriment  to  the  breathing  quality  of  the 
air.  It  should  be  borne  in  mind  that  the  Sturtevant  system 
is  a  plenum  system,  and  that  a  plus  condition  in  the  building 
is  secured ;  there  is  a  slight  pressure  maintained  in  the  room, 
and  the  direction  of  all  currents  is  outward.  This  not  only  has 
the  effect  of  preventing  the  entrance  of  cold  air  around  the 
windows  and  doors,  but  causes  an  escape  of  air  at  these  points, 
affording  sufficient  ventilation,  the  aggregate  area  of  crevices 
around  windows  and  doors  in  any  room  being  surprisingly 
large.  The  leakage  around  an  ordinary  window  is,  on  the 
authority  of  Dr.  Billings,  eight  cubic  feet  per  minute  ;  so  that 
it  will  be  readily  seen  that  the  large  window  surface  in  textile 
mills  affords  abundant  opportunity  for  the  escape  of  air  in  the 
Sturtevant  system. 

In  the  case  of  the  Globe  Yarn  Mill  No.  2,  the  apparatus  is 
located  in  the  basement,  and  the  supply  of  air  is  taken  from 
the  basement,  which  opens  into  the  mill  through  the  shafts  for 
elevator  and  stairs.  Windows  in  the  basement  are  opened  to 
obtiiin  a  suitable  supply  of  fresh  air  from  outside.  It  will  be 
seen  from  Plate  IV.,  representing  the  New  Pacific  Spinning 
Mill,  that  the  tower  containing  the  stairs  with  its  openings  to 
each  floor  leads  into  the  room  containing  the  heating  appa- 
ratus. Fresh  air  is  taken  into  the  fan  house  by  simply  opening 
outside  windows. 

Generally  speaking,  the  more  indirect  the  system  the  greater 
the  first  cost;  but  the  cost  of  any  system  will  vary  with  the 
thoroughness  of  the  installation  of  the  plant.  A  system  of 
direct  radiation  maybe  made  more  or  less  exi)ensive,  according 
to  whether  it  is  large  or  small  for  requirements,  the  thorough- 
ness of  installation,  and  the  character  of  material  and  work- 
manship. 

The  same  may  be  said  of  the  Sturtevant  system ;  the  cost  of 
installation  wMIl  vary  considerably  under  diflerent  conditions. 

1 .  Whether  high  or  low  pressure  steam  is  used ;  the  use  of 
low-pressure  steam  necessitating,  as  has  been  previously  stated, 
approximately  double  the  amount  of  pipe  used  with  high- 
preasure  steam. 
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2.  Whether  the  apparatus  is  duplex  or  single,  in  the  former 
case  two  fans  and  two  engines  being  used. 

3.  Whether  the  flues  are  built  into  the  walls,  or  the  air  is 
distributed  by  metal  pipes. 

4.  The  purpose  for  which  the  building  is  used. 

5.  Exposure,  window  surface  and  construction  of  building. 
The  plant  at  the  New  Pacific  Spinning  Mill  is  without  doubt 

the  most  complete  of  any  system  in  the  country.  The  apparatus 
shown  in  Plate  VI.  is  known  as  a  duplex ;  the  two  fans, 
which  are  each  seven  feet  in  diametet  and  four  feet  wide,  are 
each  driven  by  a  7  by  12  direct  connected  horizontal  engine, 
and  can  be  coupled  together,  so  that  they  may  be  run  inde- 
pendently or  together,  with  both  engines  or  a  single  engine. 
The  coils  are  arranged  in  three  groups,  in  the  form  of  a 
hollow  square.  Plate  V.  shows  the  constiniction  of  the  main 
flue  and  the  flues  in  the  wall.  The  main  flue  is  constructed  of 
brick,  the  mill  wall  forming  one  side,  the  other  being  a  twelve- 
inch  wall  with  air  space.  The  bottom  is  brick,  cemented, 
while  the  top  is  of  corrugated  iron,  covered  with  brick  in 
cement.  The  flues  in  the  wall  are  lined  with  fire  clay  flue 
lining,  eleven  inches  by  fourteen  inches  inside. 

As  will  be  seen  from  Plates  IV.  and  V.,  there  are  individual 
flues  for  each  floor,  located  thirty  to  forty  feet  apart,  in  the 
piers  between  the  windows.  The  oi)ening  from  the  flue  into 
the  room  is  the  same  as  used  at  the  west  weave  shed. 

The  thoroughness  with  which  this  plant  is  installed  reflects 
great  credit  upon  Mr.  W.  Ei  Parker,  the  agent,  and  the 
architect,  Mr,  F.  P.  Sheldon  of  Providence.  Mr.  Parker, 
appreciating  the  advantages  offered  by  the  system,  spared  no 
exi)ense  to  install  it  properly.  As  the  contracts  for  building 
the  mill  included  the  small  building  for  the  apparatus,  together 
with  the  flues,  it  is  impossible  to  get  at  the  cost.  However, 
it  may  be  stated,  on  the  authority  of  Mr.  Wm.  T.  Henry,  the 
leading  mill  architect  of  Fall  River,  that  plain  flues  in  the  wall 
cause  no  additional  expense,  the  fewer  brick  required  compen- 
sating for  the  additional  la])or.  This  is  where  the  flues  are  put 
up  in  pilasters  in  the  outside  walls,  and  are  plastered  on  the 
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inside,  no  flue  linings  being  used.  The  cost  of  the  main  duct 
is  not  heavy,  as  one  side  is  formed  by  the  foundation  wall,  and 
the  top  is  covered  by  corrugated  iron,  as  at  the  Pacific  Mill, 
or  plastered  on  wire  netting  and  covered  with  plank.  This 
latter  plan  was  adopted  in  the  case  of  the  Globe  Yam  Mill 
No.  2,  where  the  cost  is  given  by  Mr.  Sanford  as  being  $4,000 
for  the  fan,  engine,  heater,  return  water  apparatus,  steam  con- 
nections, main  flue  in  basement,  pilaster  flues,  dampers,  etc. 
He  also  states  that  the  cost  of  direct  radiation  in  Mill  No.  1 
was  $1,800.  There  are  three  runs  of  pipe  around  each  side  of 
the  mill,  near  the  ceiling.  Add  to  this  the  cost  of  the  Garland 
moistening  plant,  $2,800,  and  you  have  a  total  cost  of  $4,600 
for  the  heating  and  moistening  plant  in  Mill  No.  1.  From 
Table  No.  2  it  will  be  seen  that  the  first  cost  per  1,000  cubic 
feet  is  as  100  to  73  in  favor  of  Mill  No.  2. 

As  to  comparison  of  cost  of  repairs  between  direct  radiation 
and  the  Sturtevant  system,  we  think  it  will  be  readily  conceded 
to  be  in  favor  of  the  latter.  Much  could  be  said  pro  and  con ; 
but  the  character  of  the  machinery,  its  few  parts,  slow  speeds 
of  engine  and  fan,  the^sectional  construction  of  the  heater,  the 
lack  of  complication  of  valves,  concentration  of  plant  at  one 
point,  and  the  fact  that  it  is  under  the  care  of  one  man,  are 
greatly  in  its  favor. 

As  yet  nothing  has  been  said  regarding  the  provision 
aflforded  by  the  Sturtevant  system  for  heating  and  ventilating 
the  troublesome  picker  house.  As  the  pickers  are  constantly 
removing  large  volumes  of  air  from  the  room,  which  must  be 
supplied  from  some  source,  this  system,  supplying  warm  air  to 
the  room  in  large  quantities,  performs  the  double  duty  of  warm- 
ing the  room  and  neutralizing  the  disagreeable  effects  of  these 
exhausters.  We  anticipate  wonderful  results  from  this  alone, 
and  there  is  no  doubt  that  the  Sturtevant  system  will  thor- 
oughly ventilate  and  heat  a  picker  house,  something  which  has 
been  considered  heretofore  well-nigh  impossible.  We  call 
attention  to  Plate  V.,  showing  that  in  the  New  Pacific 
Spinning   Mill    a   large   flue    is   led  into  the   picker  house, 


86 

of  sufficient  size  to  supply  the  requisite  amount  of  air  for 
the  picker  fans. 

As  accessories  to  its  main  work  of  heating,  ventilating  and 
moistening,  the  apparatus  can  be  used  for  drying  cotton,  yams, 
cloth  and  wool,  and  also  for  removing  steam  from  dye-houses. 
It  is  well  known  that  there  is  no  method  so  effective  for  clear- 
ing a  dye-house  of  steam  as  blasting  in  a  large  volume  of  warm 
air,  which  absorbs  the  moisture  in  the  air  and  carries  it  out 
through  ventilators. 

In  conclusion,  we  must  acknowledge  that  the  subject  has 
been  treated  superficially,  and  that  much  more  might  be  said 
respecting  its  details  and  advantages.  It  should  be  borne  in 
mind  that  heating,  ventilating  and  moistening  co-exist  in  this 
system ;  and  that,  to  produce  any  one  or  all  of  these  three 
requisite  conditions  to  a  perfect  system,  one  and  the  same 
apparatus  is  used. 

The  apparatus  is  free  from  complicated  mechanism,  easy  to 
regulate,  and  most  efficient  in  results. 

It  compares  favorably  in  first  cost,  cost  of  maintenance  and 
rei)airs,  with  other  systems.  It  surpasses  all  other  systems  in 
results  secured. 

It  eliminates  all  steam  pipe  from  the  mill. 

Fire  risk  is  reduced  to  a  minimum.  It  is  to  all  other  systems 
in  point  of  fire  risk  what  the  slow-burning  constiniction  mill  is 
to  the  old-style  mill  architecture. 

It  combines,  in  addition  to  the  essential  features  of  heating, 
ventilating  and  moistening,  the  other  useftil  accessories  of  dry- 
ing, clearing  steam  from  dye-houses,  and  neutralizing  the  effect 
of  fans  in  picker  houses.  It  heats  the  mill  uniformly  at  top, 
lH)ttom  and  sides.  The  ventilation  is  perfect ;  the  operatives 
are  invigorated.  The  humidity  of  the  air  in  every  part  of  the 
room  may  be  perfectly  regulated.  All  tanks,  filtering  devices 
and  systems  of  steam,  air  and  water  piping,  with  attendant 
valves,  ai*e  done  away  with. 

The  Stuitovant  svstem  is  the  svstem  of  the  future.  Its 
adaptability  is  not  confined  to  any  class  of  buildings.      It  is 
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particularly  applicable  to  school-houses,  churches,  theatres 
and  all  halls  of  audience.  It  only  awaits  the  development  of 
the  electric  motor,  or  some  other  means  of  driving  the  fan,  to 
extend  its  field  to  the  heating  and  ventilating  of  dwellings. 

A  Member.  I  would  like  to  ask  Mr.  Foss,  in  regard  to  the 
horizontal  Hues,  which  he  considers  the  better  or  cheaper, — 
the  metallic  flues  suspended  from  above,  enclosed  in  a  box, 
packed  with  sawdust  or  tan-bark,  or  a  vault  built  up  from  the 
basement  with  brick  ? 

Mr.  Foss.  I  should  say,  put  them  in  brick,  and,  in  case  of 
mills,  let  the  inside  of  the  wall  form  one  side  of  the  flue.  In 
many  cases  the  basement  floor  of  the  mill  will  constitute  the 
bottom  of  the  flue. 

On  motion  of  Mr.  Borden  of  Fall  River,  it  was 

Votedy  That  the  board  of  directors  be  authorized  to  lay  an 
assessment  on  the  members  of  the  Association,  to  defray  the 
expenses  of  the  ensuing  year,  not  exceeding  ten  dollars  each, 
as  provided  in  the  by-laws. 

The  President.  The  next  paper  on  the  programme  is  the 
*' Barnard  Vacuum  System  for  Circulating  Steam  in  Heating 
and  Drj'ing  Coils,"  by  Mr,  Charles  F.  Tarbell  of  Boston. 


THE  BAENAED  VACUUM  SYSTEM 

FOR 

CIRCULATING  STEAM  IN  HEATING  AND  DRYING  COILS, 

By  CHARLES  F.  TARBELL,  Boston,  Mass. 


The  object  of  this  paper  is  to  briefly  describe  the  application 
of  the  vacuum  system  to  existing  steam-heating  plants,  to  draft 
the  steam  thi'ough  coils,  radiators,  drying  cylinders,  etc. ;  also 
to  show  the  efliciency  of  such  system,  as  compared  with  the 
usual  method  of  forcing  steam  through  coils  by  more  or  less 
pressure,  as  generally  practised,  either  a  back  pressure  on  the 
piston  of  the  engine,  if  exhaust  steam,  or  some  fraction  of 
the  l>oiler  pressure,  if  live  steam  is  used. 

Some  of  the  disadvantages  incident  to  using  steam  under 
pressure  may  be  summarized  thus :  — 

Liability  of  the  condense  water  in  pipes  to  freeze. 

Imperfect  circulation  of  steam  in  most  cases. 

An  additional  duty  on  the  engine  op  lx)iler,  or  both. 

The  large  (and  oftentimes  unnecessary)  expense  for  fiiel. 

These  disadvuntages  exist  to  a  greater  or  less  extent  in 
every  pressure  system. 

The  accunmlation  of  water  is  lia])le  to  occur  in  all  pi-essure 
systems,  as  it  is  (juite  impossible  to  entirely  free  the  horizontal 
pipes  from  water,  which  necessarily  accumulates  by  condensa- 
tion after  the  steam  has  lieen  shut  off.  If  exposed,  such  pipes 
may,  and  often  do,  freeze,  causing  expense,  loss  of  time,  and 
trouble  in  making  repairs. 

ilany  steam-heating  plants  have  a  poor  circulation,  in  whol 
or  in  part,  from  various  causes,  requiring  considerable  pres 
ure  to  force  steam  through  the  pipes.     One  of  the  princif 
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obstructions  to  the  circulation  of  steam  underpressure  is  the 
accumulation  of  air — ^  always  liberated  from  steam  when  con- 
densed into  water  —  and  the  accumulation  of  water  in  the 
pipes ;  great  difficulty  is  experienced  in  many  heating  plants 
to  properly  discharge  such  air  and  water.  When  such  con- 
ditions do  exist,  the  coils  are  slow  to  heat,  as  the  steam  can 
only  follow  the  air  and  water  in  its  course  towards  the  dis- 
charging point ;  and,  until  the  steam  is  actually  present,  the 
pipes  must  remain  cold.  It  is  confined  air  and  water  that 
causes  *'  water-hammering,'*  sometimes  breaking  the  pipes 
from  their  fastenings. 

Many  buildings  are  heated  by  live  steam,  sometimes  by 
extra  or  special  boilers,  and  the  exhaust  steam  allowed  to 
escape  to  the  atmosphere,  —  available  heat  thrown  away. 

Some  of  the  reasons  sometimes  given  for  not  using  exhaust 
steam  are :  that  the  heating  pipes  are  not  adapted  to  the  use 
of  exhaust  steam ;  that  the  engine  has  all  that  it  can  do,  with- 
out loading  it  further  by  back  pressure ;  and  occasionally, 
from  the  impression  that  the  exhaust  is  deficient  in  tempera- 
ture, and  would  not  answer  the  purpose. 

Theoretically,  live  steam  is  two  or  three  per  cent,  more 
efficient  than  exhaust;  but  it  would  require  a  more  delicate 
instrument  than  the  thermometer  to  show  any  difference  in  the 
temperature  of  a  room  heated  by  exhaust  steam  at  atmospheric 
pressure,  properly  circulated,  and  the  same  room  heated  by 
live  steam,  using  the  same  coils  or  radiators. 

When  exhaust  steam  is  not  available,  it  is  decidedly  econom- 
ical to  reduce  live  steam  from  boilers  to  nearly  atmospheric 
pressure,  and  draft  such  low-pressure  steam  through  heating 
coils  and  radiators,  in  preference  to  circulating  the  live  steam 
by  considerable  initial  pressure.  When  so  used  by  the  vacuum 
process,  the  circulation  is  vastly  improved,  and  the  sometimes 
objectionable  "snapping"  in  pipes  entirely  disappears.  This 
last  feature  alone  will  commend  the  vacuum  system  to  all,  and 
justify  its  application  to  many  buildings. 

It  is  not  always  definitely  known  what  it  costs  to  heat  a  mill 
or  building  by  steam,  as  it  is  difficult  to  separate  the  cost  of 
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steam  for  heating  from  the  cost  of  steam  for  power,  either  in 
the  case  of  heating  by  live  steam  from  the  boilers  or  exhaust 
steam  from  the  engine. 

Steam  users  know  the  difference  between  the  coal  consumed 
in  July  and  the  coal  used  in  January ;  the  difference  is  generally 
accepted  as  the  cost  of  heating.  When  exhaust  steam  is  em- 
ployed for  heating,  it  is  as  a  rule  used  under  some  back  press- 
ure. Such  use  is  more  economical  than  to  use  live  steam  from 
the  boiler ;  but,  nevertheless,  back  pressure  costs  money,  and 
very  often  lessens  the  capacity  of  the  engine  to  an  extent  that 
necessitates  forcing  the  boilers,  and  frequently  forcing  the 
engines,  both  of  which  are  expensive  and  detrimental. 

The  vacuum  or  suction  system  is  entirely  free  from  the  faults 
and  expense  of  the  pressure  systems,  for  the  reason  that  the 
conditions  of  circulation  are  reversed. 

The  partial  vacuum  operating  the  system  is  applied  at  the 
extreme  or  tail  end  of  the  heating  coils,  and  exerts  the  greatest 
suction  at  such  points ;  this  suction  is  gradually  lessened  as  it 
approaches  the  source  of  steam  supply,  but  is  always  suflScient 
to  draft  the  steam. 

It  is  immaterial  to  the  circulation  of  steam  in  pipes,  whether 
an  initial  pressure  exists  at  the  source,  or  not ;  if  the  conditions 
are  such  that  some  pressure  above  the  atmosphere  does  exist, 
it  is  no  objection,  but  is  of  no  benefit,  as  the  partial  vacuum  will 
draw  the  steam  through  the  pipes  faster  than  it  will  circulate 
under  any  conditions  of  pressure,  except  in  the  case  of  the 
retuni  or  waste  pipes  being  freely  open  to  the  atmosphere,  which 
is  not  admissible  where  fuel  costs  money. 

The  vacuum  at  the  tail  end  freely  draws  the  air  and  water 
from  the  pipes  ;  and,  those  o])stacles  not  existing  to  retard  the 
circulation  of  steam,  it  follows  that  the  steam  will  freely  and 
quickly  flow  from  its  source  towards  the  vacuum  end  of  the 
apparatus. 

Whatever  leaks  may  occur  are  towards  the  interior  of  the 
pipes,  by  reason  of  the  partial  vacuum  within ;  consequently, 
water  is  not  liable  to  drip  from  a  leaky  valve  or  fitting,  causing 
trouble  and  damage. 
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For  ordinary  heating  and  drying  purposes  exhaust  steam  is 
fully  equal  to  live  steam  ;  it  is  well  known  that  the  latent  heat 
in  steam  is  equally  as  valuable  for  such  purposes  as  is  the 
sensible  heat,  and  also  that  the  sum  of  sensible  and  latent  heat 
is  practically  the  same  for  all  pressures  of  steam  as  commonly 
used. 

A  long  experience  has  abundantly  proved  that  exhaust  steam 
at  atmospheric  pressure  is,  by  the  vacuum  system,  freely  circu- 
lated through  ordinary  steam-heating  plants  erected  for  live 
steam  heating ;  as  a  rule,  the  only  alteration  made,  if  any,  is 
to  change  the  position  of  the  terminus  of  the  main  return 
pipes,  to  adapt  them  to  the  vacuum  system. 

The  vacuum  system  permits  the  combined  use  of  live  steam 
reduced  to  a  low  pressure  and  exhaust  steam  without  back 
pressure,  in  the  same  pipes.  The  draft,  due  to  the  vacuum, 
draws  the  steam  away  from  the  engine,  through  the  heating 
pipes,  without  any  tendency  of  the  live  steam  to  flow  back 
towards  the  engine  through  the  exhaust  pipe. 

The  vacuum  system  is  equally  eflective  on  any  type  of  coil 
or  radiator,  also  for  indirect  coils,  such  as  the  Sturtevant  warm 
air  heating  and  ventilating  system.  Wherever  steam  is  to  be 
circulated  in  pipes,  it  will  cause  the  steam  to  be  circulated  with 
better  efficiency  and  greater  rapidity  than  is  possible  by  any 
pressure  system. 

It  may  be  proper  here  to  cite  a  case  of  a  mill  that  was  heated 
by  both  live  and  exhaust  steam,  —  perhaps  heated  as  economi- 
cally and  eflectually  as  the  average  mill.  Reference  is  had  to 
the  American  Linen  Company  of  Fall  River,  their  No.  1  and 
2  mills  aggregating  about  2,500,000  feet  cubical  contents,  and 
having  about  40,000  feet  of  one-inch  pipe  in  coils.  The  exhaust 
steam  was  furnished  by  a  Corliss  engine,  with  a  32  by  54  inch 
cylinder,  running  at  65  revolutions ;  from  3  to  8  pounds  back 
pressure  was  carried,  according  to  the  weather.  Each  pound 
of  back  pressure  equalled  fiilly  11  indicated  horse-power,  and 
the  back  pressure  averaged  at  least  5  pounds,  or,  say,  55  indi- 
cated horse-power.  This  engine  was  so  fully  loaded,  that 
during  the  heating  season  it  became  necessary  to  throw  oflT 
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certain  machines  requiring  this  average  of  55  horse-power,  in 
order  to  enable  the  engine  to  maintain  its  speed  under  such 
back  pressure.  What  the  value  of  loss  of  product  represented 
by  these  idle  machines  amounted  to,  is  not  known  to  the  wi'iter ; 
but  undoubtedly  it  was  an  important  item. 

The  cost  of  the  back  pressure  is  easily  figured.  Assuming 
the  engine  ran  ten  hours  per  day,  used  three  pounds  of  coal 
per  indicated  horse-power  per  hour,  and  coal  cost  $4.50  per 
gross  ton,  —  we  have  11x5x10x3  =  1,650  pounds  coal, 
costing  $3.30  per  day;  and,  estimating  160  heating  days  per 
year,  is  160  X  $3.30  =  $528,  as  the  evident  cost  per  year  of 
the  back  pressure  on  this  engine. 

In  addition  to  the  exhaust  steam,  considerable  live  steam 
was  used  to  supplement  the  exhaust,  which  in  itself  was  in- 
suflScient  under  the  old  system.  The  quantity  and  value  of 
this  live  steam  could  not  be  accurately  deteriiiined,  but  it  is 
believed  to  have  been  equal  in  volume  and  value  to  the  exhaust 
steam. 

Notwithstanding  the  combined  use  of  live  and  exhaust  steam, 
it  was,  under  the  old  system,  very  diflicult  to  heat  some  of  the 
rooms  for  two  or  three  hours  in  the  morning  in  cold  weather, 
owing  to  the  difficulty  of  freeing  the  pipes  from  air  and  water. 
In  the  summer  of  1886  the  Barnard  vacuum  system  was 
applied  to  the  heating  plant  of  these  mills.  Since  its  applica- 
tion, no  l)ack  pressure  has  l>een  carried  on  the  engine,  and  no 
live  steam  used  for  heating  purposes  during  working  hours ; 
the  circulation  in  the  coils  was  greatly  improved,  every  room 
being  thoroughly  wanned  at  all  hours,  and  in  some  cases  the 
rooms  were  overheated ;  when,  before  the  change  was  made, 
they  were,  under  like  conditions  of  time  and  temperature,  too 
cold  to  be  comfortable. 

The  water  of  condensation  from  heating  coils  should  be 
pumped  back  to  the  l>oilers,  as  it  is  practically  pure  and  at  a 
high  tempei-ature. 

If  the  cylinder  oil  in  the  exhaust  steam  or  condensed  water 
is  objectionable,  either  on  account  of  the  possibility  of  the  oil 
lodging  in  the  heating  pipes,  or  detrimental  to  the  boilers  when 
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used  as  feed-water,  the  oil  can  be  separated  from  the  steam  by 
using  an  oil  separator  fixed  in  the  main  supply  pipe. 

Sufficient  steam  for  heating  a  mill  may  be  taken  from  the 
receiver  of  a  compound  condensing  engine,  without  impairing 
the  effectiveness  of  the  engine,  and  also  without  a  very  material 
increase  in  the  steam  used  by  the  engine  per  indicated  horse- 
power per  hour.  Where  compound  engines  are  in  use,  and  all 
the  steam  used  by  the  engine  is  transmitted  from  the  high-press- 
ure to  the  low-pressure  cylinder,  and  thence  to  the  condenser, 
and  live  steam  exclusively  used  for  heating,  the  whole  charged 
to  the  indicated  horse-power  of  the  engine,  as  is  generally 
done,  as  compared  with  steam  drafted  from  the  engine  receiver 
for  heating  or  drying  purposes,  the  whole  charged  to  the  engine 
as  before, — the  superior  economy  of  the  latter  method  will  be 
very  marked,  for  the  reason  that  the  steam  has  performed  a 
large  part  of  its  work  in  the  high-pressure  cylinder,  without 
impairing  its  value  for  heating;  and,  whatever  difierence  is 
represented  by  such  work,  and  the  cost  of  live  steam  used 
exclusively  for  heating,  as  in  the  other  case,  is  the  difference 
of  economy  between  the  two  systems.  The  economy  of  the 
steam  used  in  the  high-pressure  cylinder  does  not  depend  to 
any  great  extent  upon  the  point  of  cut-off  in  that  cylinder 
within  liberal  limits  (far  greater  than  is  the  case  with  a  simple 
or  single  cylinder  engine)  ;  and,  where  receiver  steam  is  used 
for  heating,  the  cut-off  should  be  enough  later  in  the  high-press- 
ure cylinder  to  furnish  the  requisite  steam  for  heating,  and  at 
the  same  time  preserve  a  highly  economical  ratio  of  expansion 
in  the  two  cylinders. 

The  above  is  based  on  the  supposition  that  it  was  not 
intended  by  the  engine  builders  to  use  receiver  steam  for  heat- 
ing, when  the  cylinders  were  proportioned  for  the  power 
alone. 

Quite  a  number  of  compound  engines  are  in  use,  specially 
designed  to  furnish  receiver  steam  for  heating,  drying,  boiling, 
slashing,  etc.  The  only  difference  in  such  design  is  a  smaller 
ratio  of  cylinder  areas ;  the  greater  the  quantity  of  receiver 
steam  to  be  used  for  extraneous  purposes,  the  closer  are  the 


94 


respective  diameters  of  the  two  (or  more)  cylinders.  In  prac- 
tice, within  the  writer's  personal  experience,  the  differential 
areas  of  compound  cylinders  has  varied  anywhere  from  2  to  1, 
to  4  to  1,  according  to  the  amount  of  receiver  steam  externally 
used.  It  will  be  seen,  that,  in  case  the  areas  of  cylinders 
approach  3 1  or  4  to  1,  a  later  cut-off  in  the  high-pressure 
cylinder,  for  an  excess  of  receiver  steam  to  be  used  for  heating, 
is  equivalent  to  a  lesser  differential  area  of  cylinders  ;  as  in  the 
case  where  the  cylinders  are  specially  designed  for  developing 
a  given  power,  and  furnishing  a  given  quantity  of  receiver 
steam  for  use  other  than  power. 

The  illustration  accompanying  this  paper  is  an  exhibit  of  the 
application  of  the  Barnard  system  to  either  live  or  exhaust 
steam.  The  path  of  the  steam  is  readily  traced  from  the  ex- 
haust pipe  of  the  engine  to  the  feed-water  heater,  or  from  the 
boilers  through  reducing  valve,  thence  to  the  heating  coils,  and 
by  the  return  pipes  to  the  hot-water  tank,  in  which  a  partial 
vacuum  is  maintained  by  a  condenser,  as  shown.  The  boiler 
feed-pump  forces  the  returned  water  from  the  tank  through  the 
feed-water  heater  to  the  boilers,  in  the  usual  way.  The  water 
returned  from  heating  coils  is  never  sufficient  for  feeding  the 
boilers,  as  all  of  the  exhaust  steam  is  seldom  circulated 
through  the  heating  coils,  and  losses  occur  in  various  ways. 
The  return  water  from  the  coils  is  necessarily  supplemented 
by  cold  water  sufficient  for  feeding  the  boilers.  It  is  this 
supplemental  water  that  is  usually  circulated  through  the  con- 
denser, and  is  in  all  cases  fully  ample  for  the  purpose.  A  live- 
steam  connection  is  shown,  which  may  be  used  to  supplement 
the  exhaust,  if  insufficient. 

It  will  be  noticed  that  this  water  in  return  tank  is  at  a  much 
higher  temperature  than  normal,  and  is  consequently  more 
readily  heated  in  the  feed-water  heater,  and  with  less  steam, 
than  is  the  case  with  cold  water  entering  the  heater,  resulting 
in  a  higher  temperature  to  the  feed-water,  and  more  exhaust 
steam  available  for  heating;  for,  in  such  case,  less  exhaust 
steam  is  required  to  heat  the  feed-water. 

The  Barnard  vacuum  system  differs  from  those  vacuum  sys- 
tems employing  a  large  air  pump,  as  follows  :  — 
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The  Barnard  system  deals  only  with  the  vapor  of  the  return 
water ;  such  vapor  represents  but  a  very  small  fraction  of  the 
steam  originally  delivered  to  the  heating  coils,  as  almost  the 
whole  of  such  steam  is  condensed  within  the  pipes  by  radiation 
and  atmospheric  condensation. 

The  small  amount  of  steam  returning  with  the  water  is  con- 
densed by  the  condenser,  and  such  condensation  of  the  vapor 
maintains  a  constant  and  steady  vacuum  in  the  tank ;  which  in 
turn  draws  on  the  whole  system  of  piping. 

If  the  return  water  is  not  required  for  feeding  the  boilers, 
as  shown  above,  it  may  be  siphoned  off  to  a  race  or  sewer,  or 
other  use  made  of  it. 

As  the  vapor  in  tank  to  be  condensed  is  very  small,  a  com- 
paratively small  condenser  and  small  air  pump  are  employed. 
It  is  doubtful  if  the  largest  of  steam  plants  would  —  with  the 
Barnard  system  —  require  an  independent  air  pump  with  a 
steam  cylinder  larger  than  3  by  6  inches ;  and  steam  sufficient 
to  move  such  pump  at  a  speed  of  not  to  exceed  fifty  feet  per 
minute  would  represent  the  cost  of  running  such  pump,  keep- 
ing in  mind  the  fact  that  the  pump  has  absolutely  no  work  to 
do  other  than  to  overcome  its  own  friction,  and  lift  perhaps 
ten  gallons  of  water  six  inches  high  per  hour. 

The  pump  systems  necessarily  empjoy  quite  a  large  pump. 
Such  pump  must  have  ample  capacity  to  draw  and  discharge 
all  the  hot  water  from  the  returns,  and,  in  addition,  create 
more  or  less  vacuum  by  displacement  of  the  air  piston.  As 
the  vapor  from  the  hot  water  tends  to  fill  the  air  cylinder  of 
such  pump  by  expansion,  it  follows  that  the  air  cylinder  must 
be  of  liberal  proportions  to  accomplish  its  work ;  and  it  must 
have  an  ample  steam  cylinder,  moving  at  a  comparatively  high 
speed,  to  do  the  work  imposed  upon  it,  and  consuming  con- 
siderable steam. 

The  type  of  condenser  shown  is  one  of  several.  The  Bar- 
nard system  embodies  any  type  of  condenser  that  may  be  best 
adapted  to  the  conditions,  and  for  the  purpose  of  circulating 
steam  through  heating  pipes.  In  some  instances  the  condenser 
of  a  condensing  engine  on  the  premises  has  been  used  with 
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excellent  results,  and  without  at  all  impairing  the  engine 
vacuum,  as  demonstrated  by  both  vacuum  gauge  and  indicator 
card. 

It  is  only  necessary  to  understand  the  principles  and  advan- 
tages involved  in  the  vacuum  steam-heating  system,  to  obtain 
for  it  a  preference  in  all  cases  over  any  pressure  system. 

The  President.  The  subject  of  the  heating  of  mills  has 
been  presented  to  you  in  two  papers.  I  should  be  very  glad 
to  have  any  meml)er  express  his  views. 

Mr.  C.  J.  H.  Woodbury.  As  two  of  the  speakers  who  have 
furnished  papei*s  are  not  members  of  the  Association,  I  beg  to 
offer  this  resolution  :  — 

Resolved,  That  the  thanks  of  the  New  England  Cotton  Manufacturers^ 
Association  are  tendered  to  Mr.  W.  S.  Kellej  of  Lowell,  Mass.,  for  the 
paper  on  "Application  of  Electro-motive  Power  to  Mill  Work ; "  and  to  Mr. 
Eugene  N.  Foss  of  Boston,  Mass.,  for  his  paper  on  the  "  Sturtevant  Sys- 
tem of  Heating,  Ventilating  and  Moistening  Textile  Manufactories,"  — 
both  of  these  papers  treating  of  matters  of  great  importance  to  manu- 
facturers. 

The  omission  of  any  reference  to  the  instinctive  paper  read 
by  Mr.  Charles  F.  Tarbell  is  not  in  any  sense  a  disparagement, 
but  it  does  not  appear  that  in  this  instance  any  foimal  thanks 
are  necessary,  as  Mr.  Tarbell  is  a  member  of  the  Association  ; 
because  I  understand  it  is  one  of  the  duties  of  the  members  to 
do  all  they  can  for  the  interests  of  the  Association. 

The  President.  The  papers  read  to  us  have  been  admi- 
rably presented,  and  the  one  by  Mr.  Kelley  of  Lowell,  while 
it  presents  his  views  clearly,  is  also  written  in  fine  style. 

Mr.  Woodbury's  motion  was  carried. 

Mr.  Walker.  Although  I  am  not  a  member  of  the  Associ- 
ation, I  would  like  to  ask  Mr.  Tarbell  whether  the  Barnard 
system  removes  the  objectionable  feature  of  the  snapping  of 
the  pipe  ? 

Mr.  Tarbell.  It  removes  it  entirely.  There  is  no  snapping 
with  the  use  of  this  system. 

Adjourned, 
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